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Front Cover Caption: As viewed on 301604Z Scpte.nber by the Andersen AFB, Guam Next
Generation (Doppler Weather) Radar (NEXRAD), th: bands of precipitation associated with Tropical
Storm Ed (25W) tightly coil just to the west of the island..
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FOREWORD

The Annual Tropical Cyclone Report is
prepared by the staff of the Joint Typhoon
Warning Center (JTWC), a combined Air
Force/Navy organization operating under the
command of the Commanding Officer, U.S.
Naval Pacific Meteorology and Oceanography
Center West (NAVPACMETOCCEN
WEST)/Joint Typhoon Waming Center, Guam.
The JTWC was founded 1 May 1959 when the
U.S. Commander-in-Chief Pacific
(USCINCPAC) forces directed that a single
tropical cyclone warning center be established
for the western North Pacific region. The
operations of JTWC are guv.ded by
USCINCPAC instruction 3140.1V.

The mission of JTWC is multifaceted and
includes:

1. Continuous monitoring of all tropical
weather activity in the Northern and Southern
Hemispheres, from 180° cast longitude
westward to the east coast of Africa, and the
prompt issuance of appropriate advisories and
alerts when tropical cyclone development is
anticipated.

2. Issuance of warnings on all significant
tropical cyclones in the above area of
responsibility.

3. Determination of requirements for
tropical cyclone reconnaissance and assignment
of appropnate priorities.

4. Post-storm analysis of significant tropical
cyclones occurring within the western North
Pacific and North Indian Oceans.

5. Cooperation with the Naval Research
Luboratory, Montercey, California on operational
evaluation of tropical cyclone models and
forecast aids, and the development of new
techniques to support operational forecast
requirements.

Special thanks to: Captain Donald A.
Mautner for his leadership, Licutenant Colonel
(Retired) Charles P. Guard for his outstanding
contributions and support to the JTWC over the
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past four years; the men and women of the
Alternate Joint Typhoon Warning Center for
standing in for JTWC which was briefly
incapacitated after Guam experienced a
magnitude 8.2 carthquake; Fleet Numerical
Meteorology and Oceanography Center
(FLENUMETOCCEN) for their unfaltering
operational and software support; the Naval
Research Laboratory for its dedicated research
and forecast improvement initiatives; the Air
Force Global Weather Central for continued
satellite support; the 633d Communications
Squadron, Defense Meteorological Satellite
Program (DMSP) Site 18 at Nimitz Hili, Guam;
and the Operations and Equipment Support
departinents of NAVPACMETOTZCEN WEST,
Guam for their high quality support: all the men
and women of the ships and facilitics ashore
throughout the JTWC area of responsibility
(AQR), and especially on Guam, who tock the
observations thut became the baxis for our
analyses, forecasts and post anuly es: the staff
at National Oceanic and Aimospheric
Administration (NOAA) iational
Environmental Satellite, Data, and Information
Service (NESDIS) for their tropical cyclone
position and intensity estmates; the persennel
of Tropical Cyclone Motion-1993 (TCM-93) for
sharing their data and understanding of trepical
cyclones; the personnel of the Pacific ileet
Audio-Visual Center, Guam for their assistance
in the reproduction of satellite wnagery for this
report; the Navy Pubhications and Printing
Service Branch Office, Guam; Dr. Robert F.
Abbey Jr. and the Office of Naval Research for
their support to the University of Guam for the
JTWC Rescarch Liawsons 1o JTWC; the
University of Guam Rescarch Liason's for their
unportant contributions to this publication: Dr.
Mark Lander for his iraining efforts,
suggestions and valuable msights; and, AG3
Dave Hazel and AGAN Andy Grant for their
¢xcellent desktop publishing and graphics




EXECUTIVE SUMMARY

The 1993 tropical season was a
challenging period for the Joint Typhoon
Warning Center, Guam (JTWC). Although the
North Indian Ocean stayed relatively inactive
and the Southern Hemisphere followed
climatology; the western North Pacific was very
active with 38 tropical cyclones. Overall
activity was 15 percent above normal. JTWC
issued 1146 warnings distributed over 280 days.
Multiple-storm scenarios in our 53 miliion
square mile area were frequent, occurring for 91
days with two or more cyclones and 29 days
with three or more. Det 1, 633 Operational
Support Squadron and the USPACOM Satellite
Reconnaissance Network supported us with
more than 4800 fixes. The 67 storms in the
JTWC area of responsibility represented nearly
80 peicent of the world's tropical cycloncs.

The season highlights included Ed and
Flo's Fujiwhara confiontaiion for doninance,
Yancy striking southern Japan as a thirty-year
typhoon, the preponderance of latc scason
storms bringing a record 20 systems to the
Philippines, the multiple-centered 1100 nautical
mile circulation of Hattie, and the Next

Generation Doppler Weather Radar's
(NEXRAD) introduction 1o tropical
metcorology.

v

Depicted on the cover graphic is
Tropical Storm Ed seen from the Guam
NEXRAD. The highligit of the season for our
local community was that Guam enjoyed a
respite from the five typhoons of 1992,
recording only a single gust of 53 knots.

The JTWC track forecast errors for the
western North Pacific were 112, 213, and 32§
nautical miles at the 24, 48, and 72-hour points.
This amounts 10 four, six, and seven percent
improvements on the fifteen-year averages.
The climatelogy-persistence model, CLIPER,
uatled JTWC by 15 percent with errors of 129,
245, and 368 nautical miles. Forecast intensity
errors were also better than historical averages
with 10.7, 17.4, and 22.9 k.ots compared to
12.5, 19.1, and 23.5. Track forecast errors for
the North Indian Ocean and Southern
Hemisphere were also good. The two "well-
behaved” sionns in the Northerm 1O, resalted in
errors of 125, 198, and 231 nautical miles
representing four, ten, and 30 percent
improvements. Forecast errors on the 27
Southern Hemisphere cyclones were the lowest
in JTWC's 12-year history of forecasting in the
region at 102 and 199 naatical miles for the 24
and 48-hour forccast points.
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1. OPERATIONAL PROCEDURES

11 GENERAL

The Joint Typhoon Waming Center JTWC)
provides a variety of routine products and ser-
vices to the organizations within its area of
responsibility (AOR), including;

1.1.1 SIGNIFICANT TROPICAL WEA-
THER ADVISORY — Issued daily or more
frequently as needed, to describe all tropical
disturbances and their potential for further
development during the advisory period. A sep-
arate bulletin is issued for the western Pacific
and the Indian Ocean.

1.1.2 TROPICAL CYCLONE FORMATION
ALERT — Issued in a specified area when
synoptic, satellite, or other germane data indi-
cate that the development of a significant tropi-
cal cyclone is likely within 12 to 24 hours.

1.1.3 TROPICAL CYCLONE/ TROPICAL
DEPRESSION WARNING — Issued periodi-
cally throughout each day to provide forecasts
of position, intensity, and wind distribution for
tropical cyclones in JTWC’s AOR.

1.1.4 PROGNOSTIC REASONING MES-
SAGE — Issued with warnings for tropical
storms, typhoons and super typhoons in the
western North Pacific to discuss the rationale
for the content of the specific JTW C waming.

1.1.5 PRODUCT CHANGES — The con-
tents and availabiliiy of the above JTWC prod-
ucts are set forth in USCINCPACINST
3140.1V. Changes 10 USCINCPACINST
3140.1V, and JTWC products and services are
proposed and discussed at the Annual Tropical
Cyclone Conference.

1.2 DATA SOURCES

1.2.1 COMPUTER PRODUCTS —
Numerical and statistical guidance are available
from the USN Fleet Numerical Mecteorology
and Oceanography Center (FLENUMETOC-
CEN) at Monterey, California. These products
along with selected ones from the National
Meteorological Center (NMC) Suitland
Maryland are received through the Naval
Environmental Data Network (NEDN), the
Naval Environmental Satcilite Network
(NESN), and by microcomputer dial-up connec-
tions using military and commercial telephone
lines. Numerical guidance is also received from
international sources as well.

1.2.2 CONVENTIONAL DATA — These data
sets are comprised of land and shipboard sur-
face observations, and enroutc meteorological
observations from commercial and military air-
craft (AIREPS) recorded within six hours of
synoptic times, and cloud-motion winds derived
from satellite data. The conventional data is
hand- and computer-plotted, and hand-analyzed
in the tropics for the surface/gradient and 200-
mb levels. These analyses are prepared twice
daily from 0000Z and 1200Z synoptic data.
Also, FLENUMETOCCEN supplies JTWC
with computer generated analyses and prog-
noses, from 0000Z and 1200Z synoptic data, at
the surface, 850-mb, 700-mb, 500-mb, 400-mb,
and 200-mb levels, deep-layer-mean winds,
wind shear, and geopotential height-change
charts.

1.2.3 SATELLITE RECONNAISSANCE —
Meteorological satellite imagery recorded at
USAF/USN ground sites and USN ships supply
day and night coverage in JTWC’s AOR.
Interpretation of these satellite data provides
tropical cyclone positions and estimates of cur-




rent and forecast intensities (Dvorak, 1984).
The USAF tactical satellite sites and Air Force
Global Weather Central (AFGWC) currently
receive and analyze special sensor
microwave/imager (SSM/I) data to provide
locations of tropical cyclones of which the cen-
ter is obscured by cirrus clouds, and estimates
of 35-kt (18 m/sec) wind radii near tropical
cyclones. Use of satellite reconnaissance is dis-
cussed further in section 2.3, Satellite
Reconnaissance Summary.

1.2.4 RADAR RECONNAISSANCE —
Land-based radar observations are uscd to posi-
tion tropical cyclones. Once a well-defined
tropical cyclone moves within the range of
land-based radar sites, radar reports arc invalu-
able for determination of position, movement,
and, in the case of Doppler radar, storm struc-
ture and wind information. JTWC's use of radar
reports during 1993 is discussed in section 2.4,
Radar Reconnaissance Sumnuary.

1.2.5 AIRCRAFT RECONNAISSANCE —
Until the summer of 1987, dedicated aircraft
reconnaissance was used routinely to locate and
determine the wind structure of tropical
cyclones. Now, aircraft fixes are only available
via radar reports from trausiting jet aircraft or
from weather reconnaissance aircraft involved
in tropical cyclone research missions. Six fixes
were received from aircraft supporting the
Tropical Cyclone Motion-1993 (TCM-93)
experiment.

1.2.6 DRIFTING METEOROLOGICAL
BUOYS — In 1989, the Commander, Naval
Meteorology and Oceanography Command
(COMNAVMETOCCOM) put its Integrated
Drifting Buoy Plan (1989-1994) into action to
meet USCINCPACFLT requirements that
included tropical cyclone warning support. In
1993, 19 drifting buoys, which included 16
mini-meteorological (MINI-MET) and three
larger TOGA buoys, were deployed during the

WESTPAC tropical cyclone season by a Naval
Occanographic Office-contracted C-130 air-
craft.

These buoys transmit data to National
Occeanic and Atmospheric Administration’s
(NOAA) Television and Infrared Operational
Satellite - Next Generation (TIROS-N) polar
orbiting satellites, which in tum both store and
immediately retransmit the data. If the satellite
retransmission can be received by Guam, JTWC
acquires the drifting buoy observations directly
via a Local User's Terminal (LUT).
Additionally, the data stored aboard the satel-
lites are recovered via Service ARGOS,
processed, and then distributed to operational
centers  worldwide over the Global
Teleccommunications Sysiem (GTS) and
Automated Weather Network (AWN) via the
National  Weather  Service  (NWS)
Telecommunications Gateway in Silver Springs,
Maryland.

1.2.7 AUTOMATED METEOROLOGICAL
OBSERVING STATIONS (AMOS) — Through
a cooperative effort between the COMNAVME-
TOCCOM, the Department of the Interior, and
NOAA/NWS to increase data available for trop-
ical analysis and forecasting, a network of 20
AMOS stations is being installed in the
Micronesian islands (see Tables 1-1 and 1-2).
Previous to this ctfort, two sites were installed
in the Northern Mariana Islands at Saipan and
Rota through a joint venture between the Navy
and NOAA/NWS. The site at Saipun has since
been moved to Tinian.  Since September of
1991, the capability to transmit data via Service
ARGOS and NOAA polar orbiting satellites has
been available as a backup to regular data rans-
mission to the Geostationary Opcerational
Environmental Satellite (GOES) West, and
more recently for sites to the west of Guam, to
the Japanese Geostationary Meteorological
Sutellite (GMS). Upgrades to existing sitcs are
also being accomplished as the opportunity aris-
es to enable access to the ARGOS-system.




Table1-1  AUTOMATED METEOROLOGICAL OBSERVING STATIONS SUMMARY

Saipan* 15.2°N, 1457°E  15DI15ID2  ----- ARC 1986
Rota 14.2°N, 145.2°E  15D16448 91221 ARC 1987
Faraulep** &.1°N, 144.6°E  FARP2 52005 C-MAN/ARGOS 1988
Enewetak 11.4°N, 162.3°E  ENIP2 91251 C-MAN/ARGOS 1989
Ujae** 8.9°N, 1658°E  UJAP2 91365 C-MAN 1939
Pagan 18.1°N, 1458°E  PAGP2 91222 C-MAN/ARGOS 1990
Kosrae 5.3°N, 163.0°E  KOSP2 91355 C-MAN/ARGOS 1990
Mili 6.1°N, 171.8°E  MIL.P2 91377 C-MAN 1990
Oroluk 7.6°N, 155.1°E ORKP2 91343 C-MAN 1991
Pingelap 6.3°N, 160.7°E  PIGP2 91352 C-MAN/ARGOS 1991
Ulul 8.7°N, 149.7°E  ----- 91328 C-MAN/ARGOS 1992
Tinian* 15.0°N, 145.6°E  1SDI1SID2 91231 ARC 1992

*  Saipan site relocated to Tinian and commissioned on 1 June 1992,

** The prototype site on Faraulep was destroyed on 28 November 1991 by Super Typhoon
Owen.

*4k Ujae site was destroyed on 18 November 1992 by Super Typhoon Gay.

ARC = Automated Reinote Collection system (via GOES West)
C-MAN = Coastal-Marine Automated Network (via GOES West or GMS)
ARGOS = Service ARGOS data collection (via NCAA'’s TIROS-N)

Table 1-2 PROPOSED AUTOMATED METEORCLOGICAL OBSERVING STATIONS

Site Location Installation  Delayed

Pulusuk 6.5°N, 149.5°E 1993 Yes*

Ulithi 10.1°N, 139.3°E 1993 Yes** =
Ngulu 8.3°N. 137.5°E 1993 Yes**
Faraulep 8.1°N, 144.6°E 1994 Yes** '
Eauripik 6.7°N, 143.0°E 1994 Yes**

Maloelap 8.7°N, 17i.2°E 1994 No

Utirik 11.2°N, 169.8°E 1994 No

Satawal 7.3°N, 147.0°E 1998 No

Ujelang 9.8°N, 160.9°E 1995 No

Ebon 4.6°N, 168.7°E 1995 No .
Maug 20.0°N, 145.2°E 1996 No

*  Runway construction
** Testing of GMS transmission peckages




JTWC receives data from all AMCS sites via
the AWN under the KWBC bulletin headers
SMPW(OL, SIPW0O1 and SNPW0O1 (SXMY 10
for Tintan and Rota).

1.3 COMMUNICATIONS

Primary communications support is provid-
ed by the Naval Telecommunications Center
(NTCC), Nimitz Hill, a component of the Naval
Computers and Telecommunications Area
Master Station, Western Pacific (NCTAMS
WESTPAC). Communications systems avail-
able 1o JTWC follow.

1.3.1 AUTOMATED DIGITAL NETWORK
(AUTODIN) — AUTODIN is used for dissemi-
nation of warningy, alerts and other related bul-
letins to Department of Defense (DOD) and
other US Government installations.  These mes-
sages are relayed for further wransmission over
Navy Fleet Broadcasts, and Coast Guard contin-
uous wave Morse code and voice broadeasts.
AUTODIN messages can be relayed to com-
mercial telecommunications for delivery to non-
DOD users. Inbound message traftic for JTWC
is received via AUTODIN addressed 10 NAV-
PACMETOCCEN WEST GU//JITWC// or DET
1 633 OSS NIMITZ HILL GU//CC//.

1.3.2 AUTOMATED WEATHER NETWORK
(AWN) — The AWN provides weather data
over the Pacific Meteorological Data System
(PACMEDS). The PACMEDS, ovcrational at
JTWC since April 1988, allows Pacific-Theater
agencies 1o receive weather information at a
1200 baud rate. JTWC uses a software package
called AWNCOM/WINDS on 2 microcomputer
to send and receive data via the PACMEDS.
This system provides effective storage and
manipulation of the large volume of meteoro-
logical reports available from throughout
JTWC's vast AOR. Through the AWN, JTWC
kas access to data avaiilable on the Global Tele-

communications Systemn (GTS). JTWC’s AWN
station identifier is PGTW.

1.3.3 DEFENSE SWITCHED NETWORK
(DSN) — DSN, formerly AUTOVON, 1s a
wor.dwide, general purpose, switched telecom-
munications network for the DOD. The net-
work provides a rapid and vital voice link for
JTWC 10 communicate tropical cyclone infor-
mation to DOD installations. The DSN tele-
phone numbers for JTWC arc 344-4224 or 344-
5240).

1.3.4 NAVAL ENVIRONMENTAL DATA
NETWORK (NEDN) — The NEDN is the pri-
mary link 10 FLENUMEZETOCCEN to0 obtain
computer-gencrated analyses and prognoses. It
1y also a backup communications line for
requesting and receiving the objective tropical
cyclone forecast aids from FLENUMETOC-
CEN’s mainframe computers. The NEDN
allows JTWC to communicate directly to the
other COMNAVMETOCCOM Centers around
the world.

1.3.5 PUBLIC DATA NETWORK (PDN) —
A commercial packet switching network that
provides low-speed interactive transmission to
users of FLENUMETOCCEN products. The
PDN is now the primary method for JTWC to
request and receive FLENUMETOCCEN-pro-
duced objective tropical cyclone forecast aids.
The PDN allows direct access of FLENUME-
TOCCEN products via the Automated Tropical
Cyclone Forecast (ATCF) system. The PDN
also serves as an altemate method of obtaining
FLENUMETOCCEN analyses and forccast
fields. Time-sharing Network (TYMNET) 1s
the convactor providing PDN services between
FLENUMETOCCEN and JTWC.

1.3.6 DEFENSE DATA NETWORK (DDN)
— The DDN is a DOD computer communica-
tions network utilized to exchange data files.
Because the DDN has links, or gateways, to




military information networks, it is frequently
used to exchange data with the research comn-
munity. JTWC’s internet address is 26.19.0.250
and its E-mail account is jtops@nocc.navy.mil.
The Det 1, 623d OSS address is
admin@nocc.navy.mil.

1.3.7 TELEPHONE FACSIMILE — TELE-
FAX provides the capability to rapidly scan and
transmit, or receive, documents over commer-
cial telephone lines or DSN. TELEFAX is used
to disseminate tropical cyclone advisories and
warnings to key agencies on Guam and, in spe-
cial situations, to DOD, other U.S. Government
agencies, and the other Micronesian Islands.
Inbound documents for JTWC are received at
(671) 344-6143, (671) 344-6106 or (671) 344-
4032.

1.3.8 NAVAL ENVIRONMENTAIL SATEL-
LITE NETWORK (NESN) — The NESN'y
primary function is to pass satellite data from
the satellite global data basce at FLENUME-
TOCCEN to regional centers. Similarly, it can
pass satellite data from NAVPACMETOCCEN
WEST/JITWC to FLENUMETOCCEN or other
regional centers. It also provides a limited
backup for the NEDN.

1.3.9 AIRFIELD FIXED TELECOMMUNI-
CATIONS NETWORK (AFTN) -— AFTN was
installed at JTWC in Jonuary 1990. Though it
is primarily for the ¢xchange of aviation infor-
mation, weather information and wuarnings are
also distributed via this network. It also pro-
vides point-to-point communication with other
warning agencies not connected 10 the AWN or
GTS. JTWC’s AFTN identifier s
PGUMYMYT.

1.3.10 LOCAL USER TERMINAL (LUT) —-
JTWC uses a LUT, provided by the Naval
Oceanographic Office, as the primary means of
receiving real-time data from drifting meteoro-

logical buoys and ARGOS-equipped AMOS via
the polar orbiting TIROS-N satellites.

1.3.11 COMPUTER FACSIMILE — The
NAVPACMETOCCEN WEST/JTWC Rapid
Response Team: (RRT) uses a microcomputer to
automatically transmit facsimile messages to
agencies on Guam and the Northern Mariana
Islands when a tropical cyclone threatens. The
RRT can be reached at (671) 344-7116 or (671)
344-7119.

1.3.12 TELEX — NAVPACMETOCCEN
WEST/JTWC's address for inbound TELEX
messages 1s 197873NOCC GU.

1.4 DATA DISPLAYS

1.4.1 NAVAL ENVIRONMENTAL DISPLAY
STATION (WEDS) — The NEDS receives,
processes, stores, displays and prints copies of
FLENUMETOCCEN environmental products.
1t drives the fleet facsimile broadeast and can
also be used to generate the requests for objec-
tive tropical cyclone forecast techniques.

1.4.2 AUTOMATED TROPICAL CYCLONE
FORECAST SYSTEM (ATCF) — The ATCF
Is an advanced software program that assists the
Typhoon Duty Officer (TDO) in the prepara-
tion, formatting, and dissemination of JTWC's
products. It cuts message preparation time and
reduces the number of corrections.  The ATCF
automatically displays: the working and objec-
tive best tracks; forecasts of track, intensity, and
wind distribution; and, information from com-
puter gencrated forecast aids and products from
other agencies. It also and computes the myriad
of statistics calculated by JTWC. Links have
becn established through a Local Area Network
(LAN) to the NAVPACMETOCCEN WEST
Operatons watch team to facilitate the genera-
uon of uopical cyclone warning graphics for the
fleet facsimile broadcasts, for NAVPACME-
TOCCEN WEST’s local metwatch program,




and for warning products for Micronesia. A
module permits satellite reconnaissance fixes to
be input from Det 1, 633d OSS into the LAN.
Several other modules are still under develop-
ment including direct links to NTCC, the LUT,
and the AWN.

1.4.3 NAVAL SATELLITE DISPLAY SYS-
TEM (NSDS) — The NSDS functions as a
display of FLENUMETOCCEN-stored Defense
Meteorological Satellite Program (DMSP)
imagery and low resolution gcostationary
imagery. It is the primary means for JTWC to
directly observe areas of cloudiness in the west-
ern Indian Ocean.

1.4.4 NAVAL SATELLITE DISPLAY SYS-
TEM-GEOSTATIONARY (NSDS-G) — The
NSDS-G is NAVPACMETOCCEN WEST's pri-
mary geostationary imagery processing and dis-
play system. It can be used to process high res-
olution geostationary imagery for analysis of
tropical cyclone positions and intensity esti-
mates for the western Pacific Ocean should the
the Meteorological Imagery, Data  ‘splay, and
Analysis System (MIDDAS) fail.

1.5 ANALYSES

The JTWC TDO routinely performs manual
streamline analyses of composite surface/gradi-
ent-level (3000 ft (914 m)) and upper-tropos-
pheric (centered on the 200-mb level) data for
0000Z and 1200Z daily. Manual sca-level pres-
sure analyses concentrating on the mid-latitudes
are available from the NAVPACMETOCCEN
WEST Operations watch team. Computer
analyses of the surface, 925-, 850-, 700-, 500-,
400-, and 200-mb levels, deep-layer-mean
winds, frontal boundaries depiction, 1000-200
mb/400-200 mb/and 700-400 mb wind shear,
500 mb and 700 mb 24-hour height change, and
a variety oi other meteorological displays come
from the 0000Z and 1200Z FLENUMETOC-
CEN data bases. Additional sectional cnarts at

intermediate synoptic times and auxiliary
charts, such as station-time plot diagrams, time-
height cross section charts and pressure-change
charts, are analyzed during periods of signifi-
cant tropical cyclone activity.

1.6 FORECAST PROCEDURES

1.6.1 INITIAL POSITIONING — The wamn-
ing position is the bes estimate of the center of
the surface circulation at synoptic time. It is
estimated from an analysis of all fix information
received from one hour before to one and one-
half hours after that synoptic time. The analysis
1s aided by a computer-generated objective best
track scheme that weights fix information based
on its staustical accuracy. The TDO includes
synopt observations and other information to
adjust the position, testing consistency with the
past direction, speed of movement and the influ-
ence of the different scales of motions. If the
fix data are not available due to reconnaissance
plattorm malfunction or communication prob-
lems, or are considered unrepresentative, synop-
tic data and/or extrapolat.on fiorr previous fixes
are used.

1.6.2 TRACK FORECASTING —- In prepar-
ing the JTWC official forecast, the TDO evalu-
ates a wide variety of information, and employs
a number of objective and subjective tech-
niques. Because tropical cyclone track forecast-
ing has and continues to require a significant
amount of subjective input from the TDO,
detailed aspects of the forecast-development
process will vary somewhat from TDO to TDOQ,
particularly with respect to the weight given to
any of the available guidance. JTWC uses a
standardized, three-phase tropical cyclone
motion forecasting process 10 improve not only
track forecast accuracy, but also intensity fore-
cast accuracy and forecast-to-forccast consisten-
cy.




1.6.2.1 Field Analysis Phase — Navy
Operational Global Atmospheric Prediction
System (NOGAPS) analyses and prognoses at
various levels are evaluated for position, devel-
opment, and movement of not only the tropical
cyclone, but also relevant synoptic features such
as: 1) subtropical ridge circulations, 2) mid-lati-
tude short/long-wave troughs and associated
weaknesses in the subtropical ridge, 3) monsoon
surges, 4) influences of cyclonic cells in the
Tropical Upper-Tropospheric Trough (TUTT),
5) other tropical cyclenes, and 6) the distribu-
tion of sea surface temperature. This process
permits the TDO to deveiop an initial impres-
sion of the environmental steering influences to
which the tropical cyclone is and will be sub-
jected to as depicted by NOGAPS. The
NOGAPS analyses are then compared to the
hand-plotted and analyzed charts prepared by
the TDO and to the latest satellite imagery in
order to determine how well the NOGAPS-ini-
tialization process has conformed to the avail-
able synoptic data, and how well the resultant
analysis fields agree with the synoptic situation
inferred from the imagery. Finally, the TDO
compares both the computer and hand-analyzed
charts to monthly climatology in order to make
a preliminary determination of to what degree
the tropical cyclone is, and will continue to be,
subjected to a climatological or nonclimatologi-
cal synoptic environment. Noting latitudinal and
longitudinal displacements of subtropical ridge
and long-wave midlatiwde features is of partic-
ular importance, and wiil partially determine the
relative weights given to climatologically- or
dynamically-based objective forecast guidance.

1.6.2.2 Objective Techniques Analysis Phase
— After displaying the latest set of forecasts
given by JTWC’s suite of objective techniques,
the TDO then evaluates the pattern produced by
the set of forecasts according to the following
principles. First, the degree to which the current
situation is considered to be, and will continue
to be, climatological is further refined by com-

paring the forecasts of the climatology-based
objective techniques, dynamically-based tech-
niques, and past motion of the present storm.
This assessment partially determines the relative
weighting given the different classes of objec-
tive technicues. Second, the spread of the pat-
tern determined by the set of objective forecasts
is used to provide a measure of the predictabili-
ty of subsequent motion, and the advisability of
including a moderate probability alternate fore-
cast scenario in the prognostic reasoning mes-
sage or warning (outside the western North
Pacific). The directional spread of the objective
techniques pattern is typically small well-before
or well-after recurvature (providing high fore-
cast confidence), anc i$ typically large near the
decision-point of recurvature or non-recurva-
ture, or during a quasi-stationary or erratic
movement phase. A large spread increases the
likelihood of alternate forecast scenarios.

1.6.2.3 Construct Forecast Phase —- The TDO
ther: constructs the JTWC official forecast giv-
ing due consideration to the: 1) extent to which
the synoptic situation is, and is expected to
remain, climatological; 2) past statistical perfor-
mance of the various objective techniques on
the current storm; and, 3) known properties of
individual objective techniques given the pre-
sent synoptic situation or geographic location.
The following guidance for weighting the
objective techniques is applied:

a) Weight persistence strongly in the first 12
to 24 hours of the forecast period.

b) Give significant weight to the last JTWC
forecast at all forecast times, unless there is sig-
nificant evidence to warrant a departure. (Also
consider the latest forecasts from regional warn-
ing centers, if applicable.)

¢) Give more weight to the techniques that
have been performing well on the current tropi-
cal cyclone and/or are expected to perform well
in the current and anticipated synoptic situa-
tions.

d) Stay within the “envelope” determined by



the spread of objective techniques forecasts
unless there is a strong specific reason for not
doing so (e.g., all objective forecasts start out at
a significant angle relative to past motion of the
current tropical cyclone).

i.6.3 INTENSITY FORECASTING —- The
empirically derived Dvorak (1984) technique is
used as a first guess for the intensity forecast.
The TDO then adjusts the forecast after evaluat-
ing climatology and the synoptic situation. An
interactive conditional climatology scheme
allows the TDO to define a situation similar 10
the system being forecast in terms of location,
time of year, current intensity, and intensity
trend. Syneptic influences such as the location
of major troughs and ridges, and the position
and intensity of the TUTT all play a large part
in intensifying or weakening a tropicai cyclone.
JTWC incorporates a checklist into the intensity
forecast procedure. Such criteria as upper-level
outflow patterns, neutral points, sea-surface
temperatures, enhanced monsoonal or cross-
equatorial flow, and vertical wind shear are
evaluated for their tendency 1o en..ance or
inhibit normal development, and are incorporat-
ed into the intensity forecast process through
locally developed thumb rules. In addition to
climatology and synoptic influences, the first
guess 1s modified for interictions with liand,
with other tropical cyclones, und with extratrop-
ical features. Climatological and statistical
methods are also used to assess the potential for
rapid intensification (Mundell, 1990).

1.6.4 WiND-RADII FORECASTING — Since
the loss of dedicated aircraft reconnaissance in
1987, JTWC has turned 1o other data sources for
determining the radii of winds around tropical
cyclones. The determination of wind radii fore-
casts is a three-step process:

(a) first, low-level satellite drift winds,
microwave imager 35-kt wind speed analysis
(See Chapter 2), and synoptic data are used to
derive the current wind distribution.

(b) next the first guess of the radii is deter-
mined from statistically-derived empirical wind
radit models. JTWC currently used three mod-
els: the Tsui model, the Huntley model, and the
Martin-Holland model. The lat 'r model uses
satellite-derived parameters to determine the
size and shape of the wind profile associated
with a particular tropical cyclone. The Martin-
Holland model also incorporates latitude and
speed of motion to produce an asymmetrical
wind distribution. These models provide wind
distribution analyses and forecasts that are pri-
marily iniluenced by the intensity forecasts.
The analyses are then adjusted based on the
actual analysis from step (a), and the forecasts
are adjusted appropriately.

(¢) Finally, synoptic considerations, such as
the interaction of the cyclone with mid-latitude
high pressure cells. are used to fine-tune the
forecast wind radii.

1.6.5 EXTRATROPICAL TRANSITION —
When a tropical cyclone moves into the mid-lat-
itudes, if often enters an environment that is
detrimental to the maintenance of tne tropical
cyclone's structure and energy-producing mech-
anisms. The eftects of cooler sea surface tem-
peratures, cooler and dryer environmenial atr,
and strong vertical wind shear all act to convert
the tropical cyclone into an extratropical
cyclone. JTWC indicates that this conversion
process is occurriiig by stating that the tropical
cyclone is "becoming extratropical.” JTWC
will indicate that the conversion is expected to
be complete by stating that the system has
become “extratropical.” When a tropical
cyclone is forecast to become extratropical,
JTWC coordinates the transfer of responsibility
with the appropriate regional NAVPACME-
TOCCEN, which assumes warning responsibili-
ty for the extratropical sy.tem.

1.6.6 TRANSFER OF WARNING RESPONSI-
BILITY — JTWC coordinates the transter of
warning responsibility for tropical cyclones




entering or exiting its AOR. For tropical
cyclones crossing 180° east longitude in the
North Pacific Ocean, JTWC coordinates with
the Cazntral Pacific Hunicane Center (CPHC),
Honolulu via the Naval Western Oceanography
Center (NAVPACMETOQCCEN), Pearl Harbor,
Hawaii. For tropical cyclones crossing 180°
east longitude in the South Pacific Ocean,
JTWC coordinates with the NAVPACMETOC-
CEN, which has responsibility for the eastern
South Pacific. Whenever a tropical cyclone
threatens Guam, files are electronicaily trans-
ferred from JTWC to the Alternate Joint
Typhoon Warning Center (AJTWC) collocated
with NAVPACMETOCCEN. In the event that
JTWC should become incapacitated, the
AJTWC assumes JTWC's functions. Assistance
in determining satellite reconnaissance require-
ments, and in obtaining the resultant data, is
provided by the weather unit supporting the
15th Air Base Wing, Hickam AFB, Hawaii.

1.7 WARNINGS

JTWC issues two types of warnings:
Tropical Cyclone Warnings and Tropical
Depression Warnings.

1.7.1 TROPICAL CYCLONE WARNINGS —
These are issued when a closed circulation is
evident and maximum sustained 1-minute winds
are forecast to reach 34 kt (18 m/sec) within 48
hours, or when the tropical cyclone is in such a
position that life or property may be endiangered
within 72 hours.

Each Tropical Cyclone Warning is num-
bered sequentially and includes the following
information: the current position of the surface
center; an estimate of the position accuracy and
the supporting reconnaissance (fix) platform(s);
the direc.don and speed of movement during the
past six hours (past 12 hours in the Southern
Hemisphere); and the intensity and radial exrent
of over 35-, 50-, and 100-kt (18-, 26-, and 51
m/sec) surface winds, when applicable. At fore-

cast intervals of 12, 24, 36, 48, and 72 hours
(12, 24, and 48 hours ia the Southern
Hemisphere), information on the tropical
cyclone’s anticipated position, intensity and
wind radii is provided. Vectors indicating the
mean direction and mcan speed between fore-
cast positions are included in all warnings. In
addition, a 3-hour extrapolated position is pro-
vided in the remarks section.

Warnings in the western North Pacific and
North Indian Qceans are issued every six hours
(unless an amendment is required), valid at
standard times: 0000Z, 0600Z, 12007 and
1800Z (every 12 hours: 00002, 1200Z or
0600Z, 1800Z in the Southern Hemisphere).
All warnings are released to the communica-
tions network no ear'ier than synoptic time and
no later than synoptic time plus two and one-
half hours, so that recipients are assured of hav-
ing all warnings in hand by synoptic time plus
three hours (03002, 09002, 1500Z and 2100Z}.
By area, the warning bulletin headers are:
WTIO31-35 PGTW for northern latitudes from
35° to 100° east longitude, WTPN31-36 PGTW
for northern latitudes from 100° to 180° east
longitude, WTXS31-36 PGTW for southern lat-
itudes from 35° 1o 135° east longitude, and
WTPS31-35 PGTW for southern latitudes from
135° to 180° cast longitude.

1.7.2 TROPICAL DEPRESSION WARNINGS
—-- These are issued only for western North
Pacific tropical depressions that are not expect-
ed to reach the criteria for Tropical Cyclone
Warnings, as mentioned above. The depression
warning contains the same information as a
Tropical Cyclone Warning except that the
Tropical Depression Warning is issucd every 12
hours (unless an amendment is required) at stan-
dard synoptic times and extends in 12-hour
increments only through 36 hours.

Both Tropical Cyclone and Tropical
Depression Warning forecast positions are later
verified against the corresponding best track
positions (obtained during detailed post-storm




analyses) to determine the most probable path
and intensity of the cyclone. A summery of the
verification results for 1992 is presented in
Chapter 5, Summary of Forecast Verification.

1.8 PROGNOSTIC REASONING MES-
SAGES

These plain language messages provide
meteorologists with the rationale for the JTWC
forecasts for tropical cyclones in the western
North Pacific Ocean. They also discuss alter-
nate forecast scenarios, if changing conditions
indicate such potential. Prognostic reasoning
messages (WDPN31-36 PGTW) are prepared to
complement tropical cyclone (but not tropical
depression) wamings. In addition to these mes-
sages, prognostic reasoning information may be
provided in the remark section of a tropical
cyclone warning.

1.9 TROPICAL CYCLONE FORMATION
ALERTS

Tropical Cyclone Formation Alerts are
issued whenever interpretation of saellite
imagery and other meteorological data indicates
that the formation of a significant tropical
cyclone is likely. These alerts will specify a
valid period, usually not exceeding 24 hours,
and must either be canceled, reissued, or super-
seded by a warning prior to expiration. By area,
the Alert bulletin headers are: WTIO21-25
PGTW for northern latitudes from 35° to 100°E
longitude, WTPN21-26 PGTW for northern lat-
itudes from 100° to 180°E longitude, WTXS21-
26 PGTW for southern latitudes from 35° to
135°E longitude, and WTPS21-25 PGTW for
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southern iatitudes from 135° to 180°E longi-
tude.

1.10 SIGNIFICANT TROPICAL WEATH-
ER ADVISORIES

This product contains a description of all
tropical disturbances in JTWC's AOR and their
potential for further (opical cyclone) develop-
ment. In addition, all tropical c¢yclones in warn-
ing status are briefly discussed and referenced.

Two separate messages are issued daily, and
each is valid for a 24-hour period. The
Significant Tropical Weather Advisory for the
Western Pacific Ocean is issued by 06(0Z. The
Significant Tropical Weather Advisory for the
Indian Ocean 1s issued by 1800Z. Thesc are
reissued whenever the situation warrants. For
each suspect area, the words "poor”, "fair", or
"good" are used to describe the potential for
development. "Poor” will be used to describe a
tropical disturbance in which the meteorological
conditions are currently unfavorabic for devel-
opment. "Fair” will be used to describe a tropi-
cal disturbance in which the meteorological
conditions are favorable for development, but
significant development has not commenced or
is not expected to occur in the next 24 hours.
"Good" will be used to describe the potential for
development of a disturbance covered by an
Alert. By arca, the advisory bulletin headers
are: ABPWI10 PGTW for northern latitudes
from 100° to 180°E longitude and southern lati-
tudes from 135° to 180°E longitude and
ABIO10 PGTW for northern latitudes from 35°
to 100°E longitude and southern latitudes from
35° to 135°E longitude.




2. RECONNAISSANCE AND FIXES

2.1 GENERAL

JTWC depends primarily on two 1econnais-
sance platforms, satellite and radar, to provide
necessiary, accurate and timely meteorological
information in supp«t of advisories, alerts and
warnings. When available, synoptic and aircraft
reconnaissance data are also used to supplement
the above. As in past years, the optimal use of
all available reconnaissance resources to sup-
port JTWC’s products remains a primary con-
cern. Weighing the specific capabilities and
limitations of cach reconnaissance platform, and
the tropical cyclonc’s threat to life and propeny,
both afloat and ashore, continue to be important
factors in careful product preparation.

2.2 RECONNAISSANCE AVAILABILITY

2.2.1 SATELLITE — Interpretation of satellite
imagery by analysts at Air Force/Navy ground
sites and on Navy ships yields tropical cyclone
positions, estimates of the current intensity, and
forecast intensity. Additional positioning and
surface wind estimation information is available
for analysis where the DMSP SSM/I data can be
received and displayed.

2.2.2 RADAR — Interpretation of land-based
radar, which remotely senses and maps precipi-
tation within tropical cyclones, provides posi-
tions in the proximity (usually within 175 nm
(325 km) of radar sites in the Kwajalein, Guam,
Japan, South Korea, China, Taiwan, Philippine
Islands, Hong Kong, Thailand, India and
Australia. Where Doppler radars are located,
such as the new NEXRAD installation on
Guam, measurements of radial velocity are also
available, and observations of the tropical
cyclone’s horizontal velocity field and wind
structure integrated in the vertical are possible
within the radar volume.
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2.2.3 AIRCRAFT —- Six tropical cyclone fixes
were received from the weadher reconnaissance
aircraft associated with the TCM-93 mini-field
experiment conducted near Guam during July
and August. In the Southern Hemisphere, one
aircraft fix on Tropical Cyclone 16P (Oliver)
was logged in February 1993

2.2.4 SYNOPTIC — JTWC al>o determines
tropical cyclone positions based on the analysis
of surface/gradient-level synoptic data. These
positions are an important supplement to fixes
provided by analysts using data from remote
sensing plattorms, and become most valuable in
situations where neither satellite, radar nor air-
craft fixes are available or representative.

2.3 SATELLITE RECONNAISSANCE
SUMMARY

The Air Force provides satellite reconnais-
sance support to JTWC through the DMSP
Tropical Cyclone Reporting Network (DMSP
Network), which consists of several tactical
sites and a centrahized facility. The personnel of
Det 1, 633d OSS (hercafter referred to as Det
1), collocated with JTWC at Nimitz Hill, Guam,
coordinate required tropical cyclone reconnais-
sance support with the following units:

Unig Call sigm
15 ABW/WE, Hickam AFB, Hawaii PHIK
18 OSS/WE, Kadena AB, Japan RODN

603 ACCS/DOW, Osan AB, Republic of Korca RKWU
Air Force Global Weather Central, KGWC
Offutt AFB, Ncbraska

The DMSP Network sites provide a com-
bined coverage from polar orbiting satellites
that in..'udes most of the western North Pacific,
from near the international date line westward
into the South China 5ea. The Naval Pacific
Meteorology and Oceanography Detachment at




Diego Garcia furnishes fixes through interpreta-
tion of low resolution NOAA polar orbiting
satellite imagery that covers the central Indian
Ocean, and Navy ships equipped for direct
satellite readout contribute supplementary sup-
port. Also, civilian contractors with the U.S.
Army at Kwajalcin Atoll supplement Det 1's
satellite coverage with fixes on tropical
cyclones in the Marshall Islands and east of the
date line.

Additionally, mosaics developed from
DMSP satellite imagery are available from the
FLENUMETOCCEN via the NEDN and NES.
lines. These mosaics are used to metwatch the
areas not included in the coveruge of DMSP
Network tactical sites. They provide JTWC
forecasters with the time-delayed capability to
“see” what AFGWC'’s satellite image analysts
have been fixing.

Det 1 also uscs high resolution geostation-
ary imagery to support the reconnaissance mis-
sion. Animation of images is invaluable for
determining the location and motion of cloud
systern centers, particularly in the formative
stages. Animation is also valuable in assessing
changes in the environment that affect tropical
cyclone behavior. Det 1 is able to process high
resolution digital geostationary data through its
MIDDAS, and the Navy’s GSRS. The MID-
DAS consists of a network of three microcom-
puters, advanced graphics software, and large
screen work stations that process and display
geostationary imagery, NOAA High Resolution
Picture Transmission (HRPT) and TIROS
Operational Vertical Sounder (TOVS) data, and
DMSP imagery. On 1 April 1992 the MIDDAS
was formally accepted as a part of Det 1 opera-
tions. Further sofiware upgrades of MIDDAS
have extended the GMS grid 10 degrees closer
to the limb of the earth’s disk, and have allowed
the normal projection of the GMS image 10 be
warped into a mercator projection. These two
upgrades provided a more user-friendly presen-
tation of tropical weather systems over the Bay
of Bengal and the Indian Ocean to the south.
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The most recent software upgrade added the
capability to process and analyze DMSP SSM/I
data on the MIDDAS.

In support of JTWC, AFGWC analyzes
stored imagery from both the DMSP and
NOAA spacecraft. These imagery are recorded
and stored onboard the spacecraft for Luer relay
to a command readout site which in turn passes
the data via 2 communication satellite to
AFGWC. 7This enables AFGWC to obtain the
global coverage nceded to monitor all tropical
cyclones worldwide several times a day.

The hub of the DMSP Network is Det 1,
which is responsible for coordinating satellite
reconnaissance requirements with JTWC and
tasking the individual newwork sites for the nec-
essary tropical cyclone fixes, current intensity
estimates, and SSM/I-derived surface winds.
When a particular satellite pass is selected to
support JTWC’s next tropical cyclone warning,
two sites are tasked to fix the tropical cyclone
from the same pass. This “dual-site” concept
provides the necessary redundancy that virtually
guarantees JTWC a satellite fix to support each
warning. It alsc supplies independent assess-
ments of the same data to provide TDOs a mea-
sure of confidence in the location and intensity
information.

The DMSP Network provides JTWC with
several products and services. The main service
is to monitor the AOR for indications of tropical
cyclone development. If development is sus-
pected, JTWC is notified. Once 1TWC issues
either a TCFA or a warning, the DMSP
Network provides tropical cyclone positions and
current intensity estimates, with a forecast
intensity estimate implied from the code
(Dvorak 1975, 1984) shown in Figure 2-1,
Each satellite-derived tropical cyclone position
ts assigned a Position Code Number (PCN),
which is a measure of positioning confidence.
The PCN is determined by a combination of 1)
the availability of visible landmurks in the
image that can be used as references for precise
gridding, anc 2) the degrce of organization of
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Figure 2-1 Dvorak code for communicating estimates of cur-
remt and forecast intensity derived from satellite data. In the
cxample, the current “T-number™ is 3.5, but the current intensity
is 4.5. The cloud system has weakened by 1.5 "T-numbers”
since the evaluation conducted 24-hours carlier. The plus ()
symbol indicates an expected reversal of the weakening trend
or very httle further weakening of the topical cyclone during
the next 24-hour period.

the tropical cyclone’s cloud system (Table 2-1).
Once the tropical cyclone’s intensity reaches 50
kt (26 m/sec), the DMSP Network analyzes the
distribution of SSM/I-derived 35-kt (18-m/sec)
winds in the rain-free areas near the tropical
cyclone.

Det 1 provides at least one estimate of the
tropical cyclone’s current intensity every 6
hours once JTWC is in alert or warnirg status.
Current intensity estimates are made using the

Table 2-1 POSITION TUDE NUMBHER (PTN)
PON METHOD POR CENTER DETERMINATION/GRIDDING

1 EYE/GFOGRAZHY
2 EYC/EPHEMEKRLS

3 WELL DEFINED CIRCULATION CERNTER/GHOGRAPYY
4 Wril, DEFINED CIKCUIATION CENTER/FPHEMERIS
5 PCCRLY DEFINEDR CIRCULATION CENTIR/GECGRAZHY
6 POORLY SEFINED CIRCULATION CENTHR/FPHEMER'S

Dvorak technique for both visible and enhanced
infrared imagery. For the intensity analysis of
mature tropical cyclones, the enhanced infrared
technique is preferred due to its objectivity;
however, daily use of the visible technique adds
a measure of consistency and helps resolve
ambiguities in the enhanced infrared techniques.
The standard relationship between tropical
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cyclone “ f-number”, maximum sustained sur-
face wind speed, and minimum sea-level pres-
sure (Atkinson and Holliday, 1977) for the
Pacific is shown in Table 2-2. For subtropical
cyclones, intensi:v estimates are made using the
Hebert and Poteat (1975) technique.

Table 2-2 MAXIMUM SUSTAINED WIND SPEED
(KT) A5 A FUNCTION Ci DVORAK
CURRENT AND FORECAST INTENSITY
NUMBER AND MINIMUM SEA-LEVEL

PRESSURE (MSLP)

WIND MSLP (MB)
I-NUMBER SPEED-KT (M/SEC) APACIEIC)

0.0 <25 <(13) - - - -
0.5 ?5 (13) - - - -
1.0 25 (13) - - -
1.5 25 (13) - - - -
2.0 30 (15) 1000
2.5 35 (18) 997
3.0 45 (23) 991
3.5 55 (28) 984
4.0 65 (33) 976
4.5 71 (40) 966
5.0 90 {46) 954
5.5 102 (53) 941
6.0 115 (59) 927
6.5 127 (63) 914
7.0 140 (72) 898
7.5 155 180) 879
8.0 170 (87) 858

2.3.1 SATELLITE PLATFORM SUMMARY

Figure 2-2 shows the status of operational
polar orbiting spacecraft. Three DMSP space-
craft were available to the tactical sites in 1993,
Of these, F8 provided only vertically polarized
85 GHz channel SSM/I data after the loss of its
Operational Line Scan (OLS) imaging system,
IF10’s OLS tunctioned normally, but the eccen-
tricity of its orbit presented gridding challenges,
and F11 performed flawlessly. Of the four
NOAA spacecraft, NOAA 9 remained 1n stand-
by mode, while NOAA 10, 11 and 12 were
operational. The NOAA 13 satellite which was
launched 9 August failed shortly after launch.
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Figure 2.2 Polar orbiting spacectaft status for 1993

2.3.2 STATISTICAL SUMMARY

During 1993, fix and intensity information
from the DMSP Network was the primary input
to JTWC’s warnings and post analyses. JTWC
received at least 4520 satellite fixes — 3199
covered tropical cyclones in the western North
Pacific, 96 in the North Indian Ocean, and 1225
in the Scuthern Hemisphere. The geostationary
platform was the source of 73 percent of the
fixes and 27 percent were from polar orbiters.
A comparison of satellite fixes from all data
sources with their corresponding best track
positions is shown in Table 2-3.

2.3.3 APPLICATION OF NEW
TECHNOLOGY

In April 1993, all tactical sites in the DMSP
Network received the Mission Sensor Tactical
Imaging Computer (MISTIC) II system
upgrade, which allowed processing of the full
resolution 12-bit SSM/T data and coregistration
of the SSM/I and OLS. The ‘Iropical Section at
AFGWC, using its Satellite Data Handling
System with 12-bit SSM/I capability, continued
to provide the bulk of the SSM/I support 10
JTWC throughout the year.

2.3.4 FUTURE OF § "TELLITE
RECONNAISSANCE

Det 1 remains committed to maintaining,
and at the same time improving the DMSP
Network’s support to the PACOM tropical
cyclone warning system. Work continues to
progress on the installation of new MARK IV-B
tactical terminals in the western Pacific.

2.4 RADAR RECONNAISSANCE
SUMMARY

Of the 38 significant tropical cyclones in the
western North Pacific during 1993, 18 passed
within range of land-based radar with sufficient
precipitation and organization to be fixed. A
total of 784 land-based radar fixes were logged
at JTWC. The World Meteorological
Organization (WMO) radar code defines three
categories of accuracy: good [within 10 km (5
nm)}, fair Jwithin 10 - 30 km (5 - 16 nm)}, and
poor [within 30 - 50 km (16 - 27 nm)]. Of the
784 radar fixes encoded in this manner, 197
were good, 307 were fair, and 280 were poor.
Excellent support from the radar network
through timely and accurate radar fix position-
ing allowed JTWC to track and forecast tropical
cyclone movement during even the most erratic
rack changes. In the Southern Hemisphere, 19
radar reports were logged for tropical cyclones.
No fixes were received for the North Indiar
Ocean

The weather radar for Guam, which was
destroyed in August 1992 by Typhoon Omar
was restored, and improved, in February 1993,
with the installation of the Andersen AFB
NEXRAD Doppler radar.

2.5 TROPICAL CYCLONE FIX DATA

Table 2-4a delineates the number of fixes
per platform for each individual tropical cyc-




lone for the western North Pacific. Totals and Table 2-4b, and for the South Pacific aad South
percentages are also indicated. Similar informa- Indian Oceans in Table 2-4<.
tion is provided for the North Indian Ocean in

Tsble 2-3 MFAN DEVIATION(NM) OF ALL SATELLITE
DERIVED TROPICAL CYCLONE POSITIONS
FROM JTWC BEST TRACK POSITIONS
(NUMBER OF CAUES IN PARENTHESES)

NCRTHWEST PACIFIC OCEAN

PN 1982-1992 AVERAGE 1993 AVERAGE *
l&2 13.8 (6108} 13.9 (513)
364 21.9 {6398} 30.0 (434)
546 37.1 (13668) 39.7 (22%2)
Totals 27.9 (26174) 34.2 (3199)

NORTH INDIAN OCEAN

BcN 1982-1997 AVERAGE 1993 AVERAGE
1g2 13.3 {167} 18.5 (4)
354 30.9 (117) 66.1 (9)
566 38.1 (1335; 43 9 (83)
Totals 35.1 (1639) 45.4 (96)

- WESTERN SOUTH PACIFIC AND SOUTH INDIAN OCEAN
RCN 1282-1992 AVERAGE 4993 AVERAGE
142 15.9 (1971) 13.8 (248)
3&4 26.9 {1668) 19.0 (220)
566 36.1 (7947) 32.2 (757)
Totals 31.3 (11586) 26.8 (12259)
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Table 2-4a 1993 NORTHWEST PACIFIC OCEAN FIX PLATFORM SUMMARY

TROPICAL CYCLONE, SATELLITE.  RADAR  SYNOPTIC AIPSRAFT TOTAL )

01w TD 23 C 0 [¢] 23

02w TS Irma 106 0 0 0 106 -

03W TD 28 Q 0 0 28

04qw TD 105 0 4] [¢] 105

0SW TS Jack 79 0 0 0 19

o6wW STY Koryn 159 10 4 0 169

07w O 42 0 0 0 42

osw TY lewis a1 [ 24 0 121

O9wW TS Marian 62 0 11 0 73

10w TY Nathan 96 22 0 0 118

11w TS Ofelia 1Y 57 0 1 103

12W TY Percy 51 51 0 0 102

13w TT  Robyn 129 Qg o] 5 232

14w TY Steve 92 6 0 0 98

15W D 23 0 0 6] 33

19W TY Tasha 89 26 0 0 115

17W TY Vernon 90 55 0 0 145

18w TS Winona 89 0 1 0 20

19W STY Yancy 107 166 0 0 273

01c TY Keona 87 Q 0 0 a7

200 TS Zoia 6o 7 3 0 143 i

21W TY Abe 98 160 0 ¢} 198

22W  TY Becky %6 16 6 0 12

23W TY Cecil 75 o] 0 0 5

24W TY Dot 23 0 0 o 23

25W STY Ed 117 28 0 G 155

26W TY Flo 96 13 3 Q 112

27w TS Gene ©0 0 0 0 60

2BW* TD 57 15 0 0] 72

29w TS Hattae 81 0 0 0 84

30W TY Ira 118 13 0 0 131

31W TS Jeane 95 20 0 0 115

32W ™D 53 0 0 0 53

33W D 349 0 0 0 349

34W TY Kyle 66 0 0 0 66

35w TY Lela 105 8 o] 0 113

36W TY Manny 158 0 0 0 158

37 TY Nell 114 0 Q Q il4 -
Totals 3084 784 46 [ 3920

Fercentage of Total 795 20% 1% <i3 100 -

* Regenerated




Tahle 2-4b 1993 NORTH INDIAN OCEAN FIX PLATFORM SUMMARY
IRQPICAL CYCLONE SATELLITE LADAR SINOPTIC I0TAL
OlA 23 0 0 23
0zB 76 0 0 76
Totals 99 0 0 99
Percentage of Total 100% 0% 0% 100%




Table 2-4c 1993 SQUTH PACIFIC AND SOQUTH INDIAN OCEANS FIX PLATFORM SUMMARY .
IRORICAL CYCLONE SATELLIIE RADAR SYNORTIC  AIRCRAFT ICTAL
01S Aviona 48 ¢} 0 0 48 -
025 Eabie 13 0 0 0 13
03P Jom 107 0 0 0 107
04s - - - - 17 0 0] 0 17
055  Ken 66 0 0 0 66
06P Nina 152 10 0 0 162
07P Kina 123 Q 0 0 23
ogp - - - - 5 o] 0 0 a
Q9p - - - - 12 ¢ 0 o] 12
108 <Colaina 40 0 0 0 40
115 Dessilaia 2 0 0 0 i
125 Edwina 67 ¢ 0 0 67
138 Lena 69 0 0 0 69
4r - - - -* €4 0 6] 0 64
15p lan 38 0 o] 0 38
16P Oliver 120 9 0 1 130
17P  Mick 32 0 1 0 33 ;
18P Nisha 43 4] 0 0 43
185 TFainella 2 C o] 0 20
20P Oli 33 0 5 0 38
21P Polly 77 0 0 0 77
22P Roger 86 0 0 0 88
23P Prema 79 0 0 0 79
245  Jourdanne €1l 0 0 [ 61
255 Monty 39 (0] 0 0 39 »
265 Konita 48 0 0 0 48 '
277 Adel 42 0 0 0 a2
Totals 1510 19 6 1 1536
Percentage of Total 98 % 1% <l% <ls 100 %
* Regenerated
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3. SUMMARY OF WESTERN NORTH PACIFIC AND
NORTH INDIAN OCEAN TROPICAL CYCLONES

3.1 WESTERN NORTH PACIFIC OCEAN
TROPICAL CYCLONES

The year of 1993 included 21 typhoons
(including 3 super typhoons), 9 tropical storms
and § tropical depressions (Table 3-1). The cal-
endar year total of 38 significant tropical
cyclones in the western North Pacific (8 over
the average) was the highest since 1967 when
there were 41 (Table 3-2). The high number (8)
of tropical cyclones reaching only tropical-

depression intensity has not been equaled since
1966 which may be due, in part, to a concerted
effort to identify significant tropical cyclones
early in their life cycle. The year’s total of three
super typhoons was one short of the 24-year
(1970-1993) average for western North Pacific
super typhoons (Figure 3-1). The year’s total of
30 named tropical cyclones was two above the
34-year average (1960-1993) (Figure 3-2).
Thirty-five of the 38 tropical cyclones in the
western North Pacific during 1993 originated in

Table 3-1 WESTERN NORTH PACIFIC SIGNIFICANT TR .2PICAL CYCLONES FOR 1993
ESTIMATED
NUMHER OF MAX 1MIM
WARNINGS SURFACE. WINDS ESTIMATED
ZROPICAL CYCLONG: PERICL O WARNING L1SsSuE Xy a0 200 USi2 (M)
01w TD 01 MAR - 02 MAR B} 25 (13) 1502
02W TS IRMA 16 MAR - 17 M2~ 21 55 (28) 984
03W T 12 APR - Y4 APR 5 25 (13 1002
Ciw e 20 R - 21 APR 31 32 (15) 1206
05W TS JAUK 11 MAY - D22 MAY 20 35 (18) 397
06W  STY KCRYN 15 JUN - 29 JUN S 138 (6N 9.5
0w  TD TO0UN - 20 TuN 1?2 0 ) 1000
CeW  TY 1&W.S GT UL - 12 UL 23 85 (44) uis
CO9W TS MARIAN 13 JUL - 1) ool i5 45 (23) 99,
L0W TY NATHAN 19 o9l - 25 Cul ’5 70 (26) 972
ilWw TS5 CFELIA 25 JUL - 25 Ul 12 45 (71) 391
12w TY PERCY 27 CUL - 30 UL iz €5 (33) 9/6
13w TY ROBYN 0. AUG - 10 AUG 38 120 (62) Q22
144 TY STEVE C6 MGG - 12 WG 8 65 (3%) 316
15w TD 13 ALG - 14 AUS 6 25 (13) 10H2
16W  TY TASHA L5 AUG - 22 AUG 29 23 (4% 9563
17w TY VERNON 21 AUG - 28 ALG 26 g9 191 963
JHEW TS ATNONA 27 hlG - 23 ALG 3G 45 (73 93]
19w STY YANCY /79 G - 04 sEP ¢ 3N e 919
017 TY KECN 28 AL 35 iTC (57 944
20W T3 7CLA U9 SEP € 55 (#8) 944
2w TY ABE 15 3R 25 PSRN E VS 233
272w TY BECKY 17 s5ep 13 65 (33 alh
23W  TY CECiL 27 sk 23 100 (H0) Ghd
24w TY [OT 721 SLF 18 80 (41 363
257 STY ED 08 77T 34 140 (72) 998
26W  TY ¥1.0 0¢ O 3¢ ¢ (50 91y
27 TS GENE 10T is 35 (18) 997
28w e i/.7-33 CCT 13 25 i Gno
2 TS HATT % 73 COh 23 3% (76) 241
30W TY TRA OLoNGY 34 122 (€2 Q2
2IW TS JEANA G4Y% KOV - 1/ NOV W SC (V6 93!
37W T S8 NOV - iy NOV b] 2y (13 LoC2
330 TD 18 ROV - 19 NOV 3 25 (1) 3652
34w 1Y KYii 19 N0V - 24 NGV ] 35 (49 949
35w VY iSLA G/ D¢ - D9 DL 35 105 (5%) 933
36W  TY MANNY G3 DEes - 19 RO S 1,0 (62) 927
I TY Lkl 23 UhC - 78 i Y 0 (36) 9i2
TOTAL: 853
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Table 3-2 DISTRIBUTION OF WESTERN NORTH PACIFIC TROPICAL CYCLONES
FOR 1959 - 1993
YEAR JAN EEB  MAR  ARR MAY NN Jui  AUG IER QT NOY  DEC 2IALS
1959 0 1 1 1 0 ] 3 8 9 3 2 ? 31
000 G!0 0:5 136 GCO 081 iil 512 423 210 200  20G H I B
1960 1 ¢ 1 i : k! 3 9 5 4 1 1 38
Cor €00 021 €U sig 21C 21C 8i5G  CAL 40G 12¢ iCQ 19 8 3
1961 1 ! . : 4 6 s 7 6 7 ? : "2 ’
0i0 0!G L0 GiG  Z:l  1i4 325 313 Si0 322 il 19C 2001 .
1962 ¢ . e 1 3 ¢ 8 g ? 5 4 2 39
€00 C€.0 00C 022G ©OC 512 751 313 311 301 220 24 6 9
1963 0 G . 5 4 5 4 4 6 ¢ 3 28
063  00C 031 120 ¢S5 3.0 3i: 301 228 910 €50 28 19 6 3 .
1964 0 c 0 ¢ 3 ? 8 8 3 7 6 7 44
060 020 030 ofu 208 296 6} 355 521 327 420 iCh 76 13 5
1963 2 ? . . > 4 6 7 9 3 2 K 4C
115 €20 91C 180 iC. 316G 411 372 931 201 110 010 213 6
1966 C i) G : ? ; 4 9 ic 4 5 2 38
02¢C 092 €00 C3 200 1% 315 531 532 120122 10 20 ¢ 8
1967 X s ? : : i 8 H 8 4 4 H 4l
GiC 066 13 ST 415 105 337 3643 332 211 420 01D PR
1968 C f s " c 4 3 8 4 € 4 C 3
€25 621 SCC 124 CCL 257 120 341 4SL SIG 0 400 070 20007 4
1969 3 5 1 : C ¢ 3 3 6 5 2 } 23
i6C GCO 01T iGL 556 06C 21C 2.5 2C4 435 16 ¢re 36 4
1979 ¢ R 3 o " ? 3 ! 4 2 4 7
0GC  316C €60 626 S5 115 Ov A2 2200 321 130 G5D v U703
1971 : 9 1 ? 5 . > 7 . ? 5 3
Ci0 600 0IC 20C 233 20C 620 3Ll S5 T 310 1i0 0 GL6 24 11 .
1972 1 O " 2 o 4 5 6 5 3 37
J0C 00C 00T 005 0%8 22C 4Tu 36 41 4300 256 71D 20 8 2
1973 o 0 o o S C / 3 4 3 Z P
000 000 CO% 290G GSS 0 0GG 435 231 731 4690 CIC COO 79 7
1974 1 0 1 ] i 4 5 H S 4 4 2 is
018 005 6:%  C10 IS 12 Z3L 0 23y 300 450 220 025 o113
1975 i 9 ¢ i c C H ¢ s 6 3 > 75
100 6CG 095 €O €GO G536 CIo 431 43C 321 20 GO2 4 6 5
1976 : 1 0 ? 2 2 4 4 5 o 7 ? 75
155 616 000 110 24L 2G65 22¢ 13C 0 40 045 16 072 14 27 0
1977 ) b : G N : 4 v 5 4 7 i ;
096 056  C:G L9905 Gie G Gs3 230 31u 0 256 ith PRI
1978 . c 0 1 3 3 4 g8 4 / 4 G 3.
012 030 020 16T 059 G 310 34T 310 A» i 07 is 13 4
1979 ) c R 1 s ¢ 5 4 6 3 2 3 ]
1% C0T IGC i0D 0 9I. CSs 220 202 33 215 it in 9 5
1980 C o ) H 4 1 5 3 7 4 : : /8
625 00C  ©% siC 20030 31 20 51T 426 a5 clo o9 4
1981 0 . : 1 2 5 8 4 2 7 29
00 COC  CO 415 L10 20T 236 %Y 400 iiu 2.3 200 612 3 i
1982 s 0 3 c i 3 4 < 6 4 : : 28
0CG GTo 7. 953 R4 177 222 597 321 307 100 1C0 9 1 2
1983 c 0 ¢ G o 3 3 6 3 5 5 b 75
GoC  La% CSO O CuD 0D Cly o 3% 231 LI 3200 PG GPT s L2
1984 o C ] G G s 5 7 4 8 2 : 55 N
08005 0GB GLD uTh 020 4ys 237§D uzt IR E o e 1103
148 > o G ¢ k! ; 5 5 ) > o
G20 0GG €D COU 1D 291 100 t20 325 40 oIt LW Yoa
1986 9 i ] } 7 ; 5 b 5 4 3 71 N
c3¢ oo 00C CC 1L 33 ZeA AC L0 323 2G5 2L 5 B OO
1987 ! S C . ; 4 4 7 > : . 2
1066 U85 C0D 0I5 SGL 1ML 40D 3IT 0 S 0 200 GsL T 56
TABLE CONTINUED ON TOP OF NEXT PAGE %
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CONTINUED FROM PREVICUS PAGE

YEAR JAN EER  MAR  ARR  MAX AN AL AUG  SER OCI MOV LEC AL
1988 1 Y ¢ 0 i 3 2 5 8 § 2 1 27
10C 000 0co Gcoo 100 111 110 230 260 400 200 019 14 12 1
1989 1 ¢ 0 1 2 2 6 8 4 6 3 2 35
019 0G0 0C9 00 2 11¢ 231 332 220 600 300 101 2: 10 4
1990 1 0 C i 2 4 4 S E) S 4 1 3%
° 100 020 CCo 10 119 211 220 500 410 230 310 136 2. 9 1
1991 Y o] 2 1 L 1 4 8 6 3 6 ¢} 32
000 000 1.0 0w 100 108 4G0 332 420 309 330 002 20 16 2
1992 1 1 ¢ ¢} G 3 4 8 5 6 S 0 a3
~ 100 010 030 000  ©00 210 220 440 410 510 m cce 2111 %
1993 0 0 2 2 1 2 5 8 5 6 q 3 38
000 003 011 302 ¢10 101 320 611 410 321 112 300 21 9 8
(1959-1992)
MEAN 0.6 0.3 0.6 0.8 1.2 2.1 4.5 6.3 5.6 4.6 3.0 1.4 SR I
CASES 20 19 22 27 43 5 156 222 197 162 105 49 1088

The crieria used in Table 3-2 are as follows:

1) If a wopical cyclone was first wamed on during the last two days of a par-
tcular month and continued into the next month for fonger than two days,
then that system was attributed to the second month.

2) If a tropical cyclone was wamed on prior 10 the {ast two days of a month,
1t was attnbuted 10 the first month, regardless of how long the system lasted.
3) If awropical cyclone began on the last day of the month and ended on the
first day of the next month, that system was aunbuted 10 the first month.
However, if a tropical cyclone began on the last day of the month and contin-
ued into the next month for only iwo days, then it was attributed 1o the sec-

TABLE 3.2 LEGEND

Total for the month/year —_gga. 18
Typhoons  caem—mee—gm | 21 9 8

Tropical Stoms e 7 A
Tropical Depressions

ond month.
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Figure 3-1 Number of western North Pacific super
typhoons (1960-1993)

the low-level monsoon trough or near-equatorial
trough. Two — Ofelia (11W) and Percv (12W)
— formed in the peripheral cloud band of a
monsoon gyre; and one — Keoni (01C) —
formed in the trade-wind trough of the central
Pacific. There were no tropical cyclones that
formed in subtropical latitudes in direct associa-
tion with cyclonic cells in the tropical upper-tro-
pospheric tough (TUTT) during this season.

El Nifio conditions prevailed in the tropical
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Figure 3-2 Tropical cyclones of wopical storm or greater
intensity in the westem North Pacific (1960-1993)

Pacific during most of 1993: the sea surface
temperature (SST) of the eastern equatorial
Pacific was consistently warmer than normal,
and the Southern Oscillation Index (SOI)
(Climate Analysis Center, 1993) remained nega-
tive until very late in the yeur when it returned
to near norraal (Figure 3-3a). By comparison,
the evolution of the SST and SOI in 1993 was
somewhat similar to a composite of several past
El Nifio events (Figure 3-3b) (Rasmusson and




Carpenter, 1982). During January through
October of 1993, the low-level wind of the trop-
ical western Pacific featured an eastward dis-
placement — with respect to climatology — of
mor “oonal westerlies (Figure 3-4). This wind
patie.n is commonly observed during occur-
rences of El Nifio. In addition to the eastward
displacement of monsoonal westerlies in low
latitudes, the low-level westerly wind flow asso-
ciated with the Mei-yu (Chinese for: plum
rains) front was more persistent than normal and
lasted into August (Figure 3-4). The Mei-yu
front is a semi-permanent low-pressure trough
of the east Asian subtropics during spring and
early summer which extends eastward from
near Taiwan into the ocean area southeast of
Japan. The lingering Mei-yu front’s associated
cloud band, and the impact of several typhoons,
resulted in a very cool and wet summer for
Japan.

With the anomalous castward push of mon-
soonal westerlies, many of the year’s tropical
cyclones formed east of 145°E in the eastern
Caroline and Marshall islands (Figure 3-5a),
and the mean genesis location of all tropical
cyclones during 1993 was south and east of nor-
mal (Figure 3-5b) — yet another characteristic
of El Nifio years. In the 24-year period, 1970-
1993, the mean genesis location for 1993 was
the southernmost of record (Figure 3-5b). The
fact that eight of the year’s first nine tropical
cyclones formed south of 10°N certainiy con-
tributed to pushing the mean genesis location
southward, as did the complete lack of genesis
of tropical cyclones north of 20°N and east of
16(G°E, a region more favored for tropical cyclc-
genesis during non-El Nifio years (Lander,
1994). The 1993 Atlantic Hurricane Season
also featured this peculiar tendency for storms
to form and remain at very low latitudes,
impacting Venezuela, Nicaragua and Honduras.

Figure 3-3b Composites of the castern equatorial Pacific
SST anormaly (hatched), and of the SOI (shaded), for six
El Nino events (1951, 1953, 1957, 1965, 1969, 1972)
[aficr Rasmusson and Carpenter (R&C), 1982].

Jan Jan

1993 1994
Figure 3-3a Anomalies from thc monthly mean for cast-
ern cquatorial Pacific Occan sea surface tcmperature
(S8T) (hatched) in degrees Celsius and the Southern
Oscillaton Index (SOI) (shaded) for 1993. (adapted from
Climate Analysis Center, 1993 and Australian Burcau of
Metcorology, 1993)

b. R&C
El Nifio Year
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Figure 3-4 Comparison between climatological (black)
and analyzcd (hatched) mean monthly winds with a west-
erly component for the western North Pacific in 1993,
For June, July, and August the arca of coverage is shifted
northward 10 include the subtropics of the North Pacitic.
For reference, the str indicates the location of Guam.
The outine of Australia appears in the lower lcft of cach
panel except for June, July, and August where the Korcan
Peninsula and Japan appear in the upper ieft. The clima-
tology is adapted from Sadler er al., 1987. The 1993
monthly mcan winds were adapted from Australian
Burcau of Meteorology, 1993.

Partly as a consequence of many low-latitude
(south of 10°N) formations and subsequent
westward tracks, the Philippine Islands and
Vietnam were impacted by a large number of
tropical cyclones. The 18 tropical cyclones of
the western North Pacific during 1993 making
landfall in the Philippine Islands was a record.

Low-level westerly wind flow along the
equator, bounded by near-equatorial troughs in
the Northern Hemisphere and Southern
Hemisphere, was a persistent wind pattern
(hereafter to be referred to as the twin-trough
pattern) in the tropical western Pacific from late
February through mid-July 1997, This wind
pattern is ideal for the developm:=. of equatori-
al westerly wind bursts (Luther et al., 1983;
Keen, 1988), and also for the formation of tropi-
cal cyclone twins symmetrical with respect to
the equator (Dean, 1954; Keen, 1982; Lander,
1990) (see Figure 3-6a). This wind pattern may
also feature the simultancous occurrence cf
tropical cyclones in both the northern and south-
ern hemispheres which are not symmetrical
with respect to the equator, and which may not
be at the same stage of development (Figure 3-
6b). According to Lander (1990), an equatorial
westerly wind burst 1s a necessary, but not
always sufficient, precondition for the forma-
tion of tropical cyclone twins.

The first six tropical cyclones of 1993 —
Tropical Depression O1W, Irma (02W), Tropical
Depression 03W, Tropical Depression 04W,
Jack (05W), and Koryn (06W) — all formed in
the near-equatorial trough in a large-scale wind
and cloud pattern similar to Figure 3-6a or 3-6b.
During March, the first named tropici1 cyclone
of the year in the western North Pacific, Irma
(02W), formed in association with a westerly
wind burst, and, along with Roger (22P), was a
classical case of tropical cyclone twins symmet-
rical with respect to the equator. During April,
Tropical Depression 04W formed in association
with another equatorial westerly wind burst, and
was accompanied by a southern hemisphere
twin that didn’t mature. Tropical Depression
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Figure 3-5a Point of formation of significant tropical cyclones in 1993 as indicated by the initial intensity of 25 kt (13
m/sec) on the best track. The symbols indicate: solid dots = 01 January to 15 July; open triangles = 16 July to 15 October;
and, X = 16 October t0 31 December.
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Figure 3-5b Mean annual genesis locations for the period 1970-1993, The 1993's circled location is the southernmost for
the 24 years. The star lies at the intersection of the 24-year average latitude and longitude of genisis. For statistical puposes,
genesis is defined as the first 25 kt (13 m/sec) intensity on the best track.
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Figure 3-6a Twin-trough pattern associated with a west-
erly wind burst with tropical cyclones, at points A and B,
forming symmetrically with respect 1o the equator. The
axes of the necar-equatorial woughs arc represented by
dashed lines..
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Figure 3-6b Twin-trough pattern with tropical cyclones
at points A and B forming without symmetry with respect
to the equator.
04W was remarkable for its long westward
track, and for its inability to intensify beyond 30
kt (15 m/sec). For several days, the depression
was forecast to intensify into a tropical storm
but it never did. Jack (05W) formed in the near-
equatorial trough of the Northern Hemisphere a
few days after Adel (27P) had formed in the
twin near-equatorial trough of the Southern
Hemisphere in a large-scale low-level flow pat-
tern similar to that shown in Figure 3-6b.
During mid June, Koryn (06W) formed at a
very low latitude (4°N) in a low-level flow pat-
tern which, yet again, featured equatorial west-
erlies bounded by twin near-equatorial troughs.
During late June, the large-scale flow pattern,
which had resembled the flow patterns showa in
Figure 3-6 a and b nearly continuously since
February, changed so as to resemble more
closely the long-term mean wind field. In this
new regime, a weak monsoon trough extended
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from southeast Asia into the Philippine Sea, and
from there eastward into the Caroline Islands.
The three tropical cyclones following Typhoon
Koryn — Tropical Depression 07W, Lewis
(08W), and Marian (09W) — generated in this
monsoon trough (see Figure 3-7).

Nathan (10W), formed in the eastern Caroline
Islands, was the last tropical cyclone in this
monsoon trough as the next major readjustment
of the large-scale flow pattem in the tropics of
the western North Pacific occurred in late July
with the formation of a monsoon gyre in the
Philippine Sea. As Nathan moved west-north-
westward, a large monsoonal cloud band
formed in the Philippine Sea in association with
lowering sea-level pressure there. Nathan
turned northward as it neared the monsoonal
cloud band. This cloud band then became ori-
ented SW-NE and was collocated with a band of
25-35 kt (13-18 m/sec) low-level southwesterly
winds on the southeastern periphery of a large
low-pressure area, a monsoon gyre, over the
Philippine Sea. Nathan accelerated northward
to a landfall on Japan. Subsequently, as the
monsoon gyre moved steadily westward, two
very small ropical cyclones, Ofelia(11W) and
Percy (12W), formed in quick succession at the
northern end of the monsoon cloud band of the
monsoon gyre and moved on north-oriented
tracks over southwestern Japan. By the last day
of July, the monsoon gyre had been absorbed
into the large-scale low-pressure area over east-
ern Asia.

Also during the last week of July, as the low-
pressure area associated with the monsoon gyre
moved westward toward east Asia, pressures
began to fall in Micronesia, and the monsocn
trough extended from the Caroline Islands east-
ward to the international date line. Durnng the
first week of August (Figure 3-8), Typhoons
Robyn (13W) and Steve (14W) formed in this
monsoon trough. Robyn became a large-sized
typhoon which recurved and hit southwestern
Japan. During the last two weeks of August,
Hurricane Keoni (01C) moved across the
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Figure 3-7 Western North Pacific sea-level pressure analyses for July 1993. Map panels are for 0600Z for the datc indicat-
ed in the lower right of each panel. A geographic reference appears as the upper left panel. Contours (01-21 July): outer
dashed line = 1010 mb; solid line = 1008 mb: black < 1004 mb. Contours (22-31 July): outer dashed line = 1008 mb; solid
line = 1006 mb; and black area < 1002 mb. Named uropicai cyclones: L = Lewis (08W), M = Marian (09W), N = Nathan
(10W), O = Ofclia (11W), and P = Percy (12W).
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Figure 3-8 Wecstern North Pacific sea-level pressure analyses for August 1993, Map pancls are for 0600Z for the date indi-
cated in the lower nght of each pancl. A geographic reference appears as the upper left panct. Contours: outer dashed line
= 1010 mb; solid linc = 1008 mb; black < 1004 mb. Named uopical cyclones: R = Robyn (13W), S = Steve (14W), T =
Tasha (16W), K = Keoni (01C), and V = Vernon (17W), W = Winona (18W), Y = Yancy.
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international date line from the central Pacific
into the western Pacific — was renamed
Typhoon Keoni — and meandered for two
weeks over subtropical waters north of Wake
Island. During the last two weeks of August
and 1nto the first week of September, the mon-
soon trough of the western North Pacific
became very active as seven tropical cyclones
— Tasha (16W), Vernon (17W), Winona (18W),
Yancy (19W), Zola (20W), Abe (21W) and
Becky (22W) — formed in it. Three of these
tropical cyclones — Vernon (17W), Yancy
(19W), and Zola (20W) — made landfall in
Japan. During the last week of July through the
first week of September, a concentrated assault
of Japan by tropical cyclones took place.
Seven of the period’s 12 tropical cyclones,
beginning with Nathan (10W) during the last
week of July and ending with Zola (20W) dur-
ing the first week of September, made landfall
there.

Five of seven tropical cyclones occurring
from late September to midOctober —  Cecil
(23W), Ed (25W), Flo (26W), Gene¢ (27W) and
Hattie (29W) — recurved into the mid-latitudes
of the North Pacific well offshore of Japan.
After Hattie, which formed as a very lirge mon-
soon depression then recurved into mid-lati-
tudes in late October, all subsequent tropical
cyclones formed at low-latitude (near or south
of 10°N) and traveled on westward tracks which
kept them in tropical latitudes. Six of the final
eight tropical cyclones of 1993, beginning with
Ira (30W) and ending with Nell (37W), made
landfall in the Philippine Islands.

In early November, three tropical cyclones —
Jeana (31W), Tropical Depression 32W, and
Tropical Depression 23w — developed, but
failed to mature. Jeana reached 50 kt (26
m/sec) for only a brief time after recurvature.
Jeana was one of a small subset of all *ropical
cyclones that reached peak intensity after recur-
vature. Tropical Depression 32W and Tropical
Depression 33W both had long histories as dis-
wrbances. Four Tropical Cyclone Formation

Alerts were issued on the disturbance that even-
tually became Tropical Depression 32W. All
subsequent tropical cyclones — Kyle (34W),
Lola (35W), Manny (36W), and Nell 37W) —
became typhoons. The last tropical cyclone of
November, Kyle (34W) developed just to the
northeast of Tropical Depression 32W. Both
systems moved into the southern Philippine
Islands in tandem. Tropical Depression 32W
dissipated there. Kyle crossed the Philippine
Islands into the South China Sea, moved toward
Vietnam, and rapidly intensified.

During December, Lola (35W) formed in an
active near-equatorial trough that ultimately
produced a series of three late-season typhoons
— Lola (35W), Manny (36W; and Nell (37W).
After developing in the western Marshall
Islands, Lola slowly intensified, and over a
week later, slammed into the heavily populated
Bicol region of southern Luzon. Upon leaving
the Philippine Islands, Lola headed toward the
southwest, rapidly re-intensified — a rare event
in the South China Sea — and crashed into
southern Vietnam. Three days after Lola devel-
oped, Manny began to form in the eastern
Caroline Islands along the axis of the near-equa-
torial trough. L.ike Lola, Manny raced across
the Micronesian Islands at 20 kt (35 knyvhr) and
slowly intensified. Unlike Lola. Manny slowed
to the east of Luzon, and appeared to be very
close to recurving; instead it executed an anticy-
clonic loop, then came out of the !oop on a
southwestward track and rapidly intensified en
route to the Philippine Islands. Manny weak-
ened to a weak tropical storm in the South
China Sea, moved to the southern Gulf of
Thailand, and dissipated over the Malay
Peninsula. A few days later, Nell (37W) began
to develop in the eastem Caroline Islands, about
300 nm (555 km) west of where Manny had
developed. Nell crossed the Philippine Sea at
an average speed of 15 kt (28 km/hr), slowly
intensifying. Fortunately, Nell was a very small
typhoon when it crashed into northern
Mindanao, turned to the northwest, and




crossed the Visayan Islands of Bohol, Cebu,
Iloilo, and Panay. After exiting the Philippine
Islands, Nell ran into strong upper-level shear,
turned to the southwest, and dissipated over
water in the southeastern South China Sea. The
long westvsard tracks of the late-season tropical
cyclones were associated with an anchored
long-wave trough over western and central
China and a high zonal index of the mid-latitude
westerlies. The western North Pacific basin
continued to be active right up to the end of the
calendar year 1993; on 30 December 1993,
Nell (37W) — the last of three Typhoons in
December — dissipated in the South China Sea.

In summary, an illustration of all the tropical
cyclone activity in the western Norih Pacific

and North Indian Oceans is provided in Figure
3-9. Table 3-3 includes: a climatology of
typhoons, tropical storms and typhoons for the
western North Pacific for the period 1945-1959
and 1960-1993; and summury of warning days.
Table 3-4 is a summary of the TCFA's for the
Western North Pacific for 1976-1993.
Composite best tracks for the North West
Pacific Ocean tropical cyclones are provided for
the periods: 1 January to 26 July (Figure 3-10),
24 July to 10 September (Figure 3-11), 7
September to 5 November (Figure 3-12), and 7
November to 31 December (Figure 3-13).
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Table 3-3 WESTERN NORTH PACIFIC TRCPICAL TYCLCMES
TYPHOCNS
11945 -~ 1909
«OAN EER MAR ORR MAY AN Wl A SER QT QY LEC  ZOTALS R
MFAN G.3 9.2 0.3 0.4 0.7 i.,C 2.9 3.1 3.3 2.4 2.0 0.9 le.1
CASES 5 1 4 [ 10 15 29 46 49 36 30 14 245
- 4i9¢u - J903)
M AN 0.3 ¢.¥ 0.2 C.4 0.7 1.1 2.7 3.3 3.3 3.2 1.8 0.1 17.8 ;
- CASES 16 2 7 15 24 38 93 1i2 1i2 1B el 23 605
TROPICAL STORMS AND TYPHOCNS
45 - 0%
MFAN 0.4 6.1 0.5 G.5 0.8 1.6 2.9 4.0 4.2 3.3 2.7 1.? 22.2
CASES 6 2 7 8 i1 22 44 60 64 49 41 18 332
41200Q - 1993)
~AN  FEDR MAR  ARR MAY Jul JUL AUC SEP QCL MOV LED JQIALS
MEAN 0.6 C.3 0.5 9.6 1.1 1.9 4.2 5.5 5.0 4.2 2.8 1.2 21.7
CASES 12 9 6 22 37 63 142 186 169 (44 94 41 942
»
NUMBER WARNING DAYS 181
NJMBER WARNING DAYS WIT: TWC TROPICAL CYCLONES 49
NUMBER WARNING TROPICAL CYCIONES 12
neMnoR WARNING © TRCP ICAL CYCLONDS 3
Table 3-4 TROPITAL CYCILONE FORMATION ALERTS FOR THE WESTERN NORTH PACIHIC CCEAN 1976-1993
TROPICAL TOTAL FALSY PRCBABT LYY
INITIAL CYC.LNES TRCP ICAL ALARM OF
YEAR TCEAS — CYCLONES SATE* -
197¢ 34 25 76%
191 26 21 23%
1978 32 32 et
1979 2 28 0%
1980 31 28 24%
198 29 29 3%
1982 38 28 ’8%
19823 31 75 19%
1984 2 30 19%
1985 39 21 33%
1986 38 71! 29%
1987 31 25 23%
1988 33 27 2%
- 1989 51 15 3%
1999 33 3: 9%
1991 31 3 27%
1992 36 3 20%
" 1293 50 38 30%
(1976-1993)
MEAN: 35.4 21.4 28.8 23% ERE
TOTALS: 637 193 513
* The false alarm rate is the difference between the number of irmitial TUFA's and the rumber of
Tropical Cyclores with TCrA's divided by the number of inital TCFA's and is expressed as a
percentage.
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Figure 3-01-1 TD 01W approaches the island of Mindanao ((H00307 March visual GMS imagery).

I. HIGHLIGHTS

The first tropical cyclone to occur in the western North Pacific Ocean in 1993 and the first ot two
significant tropical cyclones o occur in March, Tropical Depression OIW was a short-lived system thin
required only five warnings. It began as a tropical disturbance in the near-cquatorial trough southeast ot
Palau in the western Caroline Islands and ended by dissipating over the mountaimous terrin ot
Mindanao Island in the Philippines.

II. CHRONOLOGY GF EVENTS

February

2806007 - Tropical Depression OIW was tirst mentioned on the Signiticant Tropical Weather Advisory
based on convection tlaring up over a preexisting low-level evclonice circulaton.

2812307 - Persistent convection near the circelation center led 1o the issuance of o Tropical Cyclone
Formation Alert.

March

0100007 - The initial warning was released based on the first visual sateliiie image of the day, which
showed improved convective organization and a satellite intensity estimate ot 25 Kt (13 m/see) (higure
3-01-1).
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020000Z - The final warning was issued following rapid weakening over the rugged island of Mindanao
in the southern Philippine Islands.

III. IMPACT

Heavy rains near the Mayon volcano, 180 nm (335 km) southeast of Manila, caused mudslides. No
injuries or deaths were reported.
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TROPICAL STORM IRMA (02W)

I. HIGHLIGHTS

The first tropical cyclone to reach tropical storm intensity in the western North Pacific Ocean
during 1993, Irma formed from a strong equatorial westerly wind burst which also generated a twin
tropical cyclone in the Southern Hemisphere - Tropical Cyclone Roger (22P). After moving toward the
southern Mariana Islands for 10 days, Irma briefly threatened Guam, moved northeastward and dissipat-
ed.

II. CHRONOLOGY OF EVENTS

March
060600Z - The disturbance was first mentioned on the Significant Tropical Weather Advisory south of
the Marshall Islands based upon synoptic reports which indicated a weak low-level circulation near the -

eastern end of extensive cloudiness assocuated with the west wind burst.

0923307, - The consolidation of convection near the low-level circulation center led to issuance of a
Tropical Cyclone Formation Alert (TCEA). Post analysis of satellite and synoptic data indicate Tnmna
attained tropical depression status two days earlier at OBOONZ..

1000007, - The first warning on Tropical Depression 02W closely followed the TCEFA when a 30 kt (15
m/sec) surface wind report was received from Kosrae (WMO 91356).

1218007 - As the twin systems moved farther apart, Tropical Depression 02W was upgraded to Tropical
Storm Irma based on a satellite intensity estimate of 35 kt (18 m/sec).

1706007 - The final warning was issued as Irma dissipated in a2 vertically sheared and stable trade-wind
environment.

1L IMPACT
None. However, an accurate recurvature forecast allowed aireraft positioned at Andersen ALB,
Guam for Team Spirit 93 to renminin in-place.

IV. DISCUSSION
On N8 March 1993, a band of low-level westerlies stretched along the equator from about 120°E
to the international date line. These westerlies were confined to very low latitudes by two near-equator-
tal troughs. one at about 5°N. the other at about 5°S.
At the eastern terminus of the equatorial westerly flow, two weak cyclonic circulations, symmet-
rical with respect to the equator, had formed (Figure 3-02-1). A ship report of 30 kt (15 m/see) near the
equator at 155°E indicated that an equatorial westerly wind burst had commenced. Three days later, on
10) March, the deep convective cloud -- which had been clustered along the equator (Figure 3-02-2) - .
began to consolidate into tropical cyclone twins (Figure 3-02-3). (Note: the term, “tropical cyclone
twins”, implies a symmetry with respect to the equator.) By 13 Muarch, the twin tropical cyclones -
Irma in the Northern Hemisphere, and Tropical Cyclone Roger (22P) in the Southern Hemisphore —- .
had become mature tropical cyclones heading westward and poleward into their respective hemisphere.
As with other twin-cyclone events, by the time the tropical cyclones had matured, the cloudiness along
the equator had collapsed (Lander, 1990). Roger (22P) and Inma continued an unbroken sequence of the
occurrence of tropical cyclone twins once every year since 1991 Walt and Lisa, May 1991; Axel and
Betsy, January 1992; and, Roger (22P) and Irma, March 1993,
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Figure 3-02-1 Stweamline analysis of the low-level wind field at 0812007 March. Shaded region shows
area of westerly wind flow. The cyclonic circulation centers later become the tropical cyclone twins —

Irma and Roger (22P).
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140°¢ 180°¢

Figure 3-02-2 Cloud silhoueues for the period
8 to 14 March show the development of irma
- and Roger (221).




Ry,

Figure 3-02-3 Tropical cyclonc twins Irma and Roger (22P) arc shown (1200302 March infrared GMS imagery).
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TROPICAL DEPRESSION 03W

[ %

]

Figure 3-03-1 Convection associated with the topical dlslurbanc — later TDO3W — flarcs up in early moring hours which is the
normal time for the maximum cloudincss (0817307 April infrared GMS imagery).

I. HIGHLIGHTS

The first of two significant tropical cyclones to form in the near-cquatorial trough during Apnil,
Tropical Depression 03W moved steadily westward, weakened over the island of Mindanao in the
southern Philippines, and dissipated.

II. CHRONOLOGY OF EVENTS

April

060600Z - The disturbance was first mentioned in the Significant Tropical Weather Advisory as an area
of persistent convection near Chuuk in the castern Caroline Islands.

082330Z - The consolidation of convection around the low-level circulation center led to the issuance of
a Tropical Cyclone Formation Alert (TCFA) (Figure 3-03-1;).

092330Z - The TCFA was canczled due to a steady decrease in convection during the previous 24

hours.

120300Z - A second TCFA was issued based upon increasing convection over the preexisting low-level
circulation center.
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121800Z - Initial warning was issued on Tropical Depression 03W based on ship synoptic wind reports

of 25 kt (13 m/sec).
140000Z - Final warning was issued as Tropical Depression 03W weakened over the rugged island of

Mindanao.

II1. IMPACT
None.
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TROPICAL DEPRESSION 84w

1. HIGHLIGHTS

A day after Tropical Depression 03W dissipated over Mindanao, Tropical Depression 04W formed
in the near-equatorial trough in the Marshall Islands during a period of enhanced cloudiness associated
with a westerly wind bursi along the equator. Like its predecessor, Tropical Depression 03W, this tropi-
cal cyclone tracked westward through the Caroline Islands and over southern Mindanao, where it dissi-
pated (Figure 3-04-1).

II. CHRONOLOGY OF EVENTS

April

150600Z - The disturbance was first mentioned in the Significant Tropical Weather Advisory as a broad
area of persistent convection within the near-equatorial trough.

181900Z - A significant increase in central convection led to the issuance of a Tropical Cyclone
Formation Alent (TCFA).

191900Z - The TCFA was canceled due to a steady decrease in the amount of convection during the
previous 24 hours.

2002007 - A second TCFA was issued based upon increasing convection over the low-level circulation
center and a 20 kt (10 m/sec) ship report in the vicinity.

200600Z - The first warning was released based upon the persistent of a central cloud feature and satel-
lite intensity estimate of 30 kt (15 m/scc).

271800Z - The final warning was issiued as the tropical cyclone dissipated over the island of Mindanao
in the Philippines.

11 IMPACT
None.




Figure 3-04-1 TD 04W passcs to the south of Guam (2211307 April infrared GMS imagery).
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TROPICAL STORM JACK (05W)

I. HIGHLIGHTS
The only significant tropical cyclone to occur during May, Tropical Storm Jack developed in
association with an equatorial westerly wind burst (Luther et al., 1983), that involved Tropical Cyclone
27P (Adel) in the Solomon Islands in the Southern Hemisphere. As the maximum cloudiness associated
with the westerly burst decreased, Jack moved steadily northward until 18 May when it turned to the .
west. Four days later, the tropical cyclone dissipated west of Saipan.

II. CHRONOLOGY OF EVENTS

May

140600Z - The tropical disturbance was first mentoned in the Significant Tropical Weather Advisory as

an area of persistent convection to the south of Pohnpei in the eastern Caroline Islands.

161300Z - Tropical Cyclone Formation Alert was issued based on the appearance of a ragged central

dense overcast.

170000Z - JTWC released the first warning on Tropical Depression OSW after analysis of the first day-

light visual satellite imagery and receiving an intensity estimate of 25 kt (13 m/sec).

1806(X)Z - Based on an satellite intensity estimate of 35 kit (18 m/sec). Jack was upgraded toa tropical

storm. (Post analysis indicates Juck most probably became a tropical storm 42 hours Later at 2000007.) e
211200Z - The loss of central convection led JTWC 1o issue a last warning on the circulation. :
2200002 - Reintensification 0. Jack, as indicated by the appearance of persistent central convecuon,

prompted JTWC to resume warnings (Figure 3-05-1).

2218007 - JTWC 1ssued its tinal warning on Jack as the circulauon dissipated just west ot Saipan due to

increased upper-level wind shear.

1. IMPACT
None.

Figure 3-05-1 Jack's convection reap-
pears just to the cast of Guam
(2201327 May infrared GMS
imagery).




“ £GeSES " : 0d
ce S€ ¢ °F teEce Cf ce dINOL6 0TS WNININIW
, 8{S/¢ %3 : L0l ANIM D4S XVYIN
€6 NNI BT-NAT ¢
MS0-DOL MOVl LS3d
NAYOM NOOHJAL 93dns || $
o1
Lo SI
9z
e _ o
TITING & 0T
: |PI - %*
; : *
QHNSSI ONINYVAL LSVT T sty [ [*¥eif | 4
SR gl [ :
TVOIHOALUNS $44 06 1 Sl Z20/811) ¢t
IVOIJORLYHIXT 4 06 91
ONA NOOHJAL ¥3dNS w 06 9 /1
LYVLS NOOHJAL ¥3dNS 06 1z
NOOHdAL : M . $8
WYOLS IVIIdOYL -=== | ! W . 8
NOISSHYdAA TVOIdOHL eee | - . 08 g
TONVEUNLSIA TVIIOUL 000 | it oo i e i 0s 0€
ZOOOWXX LVNOWISOd o | m :
(L) ALISNIINI 4 , ” o
(1) INIWIAOW 40 33dS _®
NOLLISOd XOVdL LSa4 ¥H-9 77T
axana’
, SEN

A0LT  S9T 991  SST OST Syl OvI St

ST 0Ti  SIT oI sor o011




SUPER TYPHOON KORYN (06W)

- LI

. MOE__ . | : _11235__
g ‘ _ } s ¥ l SR ,
Figure 3-06-1 Koryn cxhibits a large. ragged. cloud-free eye as it passes south of Hong Kong (2623337 June visual NOAA
imagery).
I. HIGHLIGHTS
The first typhoon of the 1993 in western North Pacific, Koryn intensified slowly, taking over a week
to attain minimal typhoon force winds. However, in 24 hours after 1ts winds reached 65 kt (33 nv/sec),
the tropical cyclone rapidly doubled its intensity to become @ super typhoon. After striking northern
Luzon, Koryn entered the South China Sea and passed 90 nm (165 km) to the southeast of Hong Kong,.
Hong Kong experienced wind gusts 10 92 kt (47 m/sec) and torrential rains (Figure 3-06-1).

II. CHRONOLOGY OF EVENTS

June

1318007 - The diswrbance was first mentioned in the Significant Tropical Weather Advisory as an arei
of persistent convection located in the near equatorial trough in the eastern Caroline Islands.

1518007 - The first warning was issucd based on a 25 kt (13 m/see) northwesterly wind at Nukuoro
Atoll (WMO 91425) and a satcllite intensity estimate of 25 kt (13 m/sec).

170000Z - Based on a satellite intensity estimate of 35 kt (18 m/sec), Koryn was upgraded to a tropical
storm.

2300007 - The appearance of a small 10 nm (19 km) diameter eye and the resulting satellite intensity
estimate of 65 kt (33 m/sec) prompted an upgrade of Koryn to a typhoon.

2406007 - Based on a satellite Dvorak intensity estimate of 127 kt (65 m/sec), Koryn was upgraded to a
super typhoon.
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280600Z - The final warning was issued on Koryn as it rapidly dissipated over the mountains of north-
ern Vietnam.

II1. IMPACT
The passage of Koryn over Ulithi (WMO 91203) gave the island 5.53 in (140 mm) of rain and
60 kt (31 m/sec) winds. While there were no deaths or injuries reported, there was extensive damage to
crops and vegetation as well as some roof daraage to structures. In the Philippines on the island of
Luzon, floods and landslides caused by Koryn's torrential rains left at least 28 people dead. Damage to
crops, infrastructure, homes, and livestock was estimated to be over (US)$14.5 million.
In Hong Kong, at least 183 people were injured, and a freighter, the 12,522-ton Lian Gang, sank -
65 nm (120 km) southeast of Hong Kong with the loss of four of the crew. Koryn also lashed the coast
of southern China's Guangdong, Province, killing at least five people. No reports were received from
Vietnam.

IV. DISCUSSION

The disturbance, that was to become Super Typhoon Koryn, fivst appeared at very low latitude (4°N)
in the eastern Caroline Islands (near 160°E). From this birthplace, the disturbance moved northward,
and then, upon attaining minimal tropical storm intensity, it made a 90-Gzgree turn to the west. Initial
northward motion, with a later turn to the west, has been observed with tropical cyclones that form at
very low latitude in a near-equatorial trough, and, although a physical understanding of why or how the
event takes place is little understood, the operational forecaster needs to anticipate its occurrence.

In the process of becoming a super typhoon, Koryn went through a period of rapid intensifica-
tion for a period of 36 hours (2218007 10 2406(07). The 66-mb fail of the central pressure over these
36 hours represents an average pressure fall of 1.83 mb/hr which exceeds the 1.75 mb per hour criteria
established for rapid intensification by Holliday and Thompson (1979).

While crossing northern Luzon, Koryn's weakened 20 kt (10 m/sec) — from 110 kt (57 m/sec)
to 90 kt (46 n/sec) —- which is well below the expected 45 kt (23 m/sec) as discussed in Shoemaker
(1991) and Williams et al (1993) (S&W). This may be due to Koryn's rapid forward motion of 15 kt (28
km/hr): the faster the forward motion the less the weakening —— a factor found by S&W.
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TROPICAL DEPRESSION 07W

I. HIGHLIGHTS

The final significant tropical cyclone of June, Tropical Depression O7W, was a short-lived system
which formed in the monsoon trough cast of Mindanao. After initially tracking northward, Tropical
Depression 07W tumed northwestward, crossed the central Philippines and dissipated (Figure 3-07-1).

II. CHRONOLOGY OF EVENTS

June

150600Z - The disturbance was first mentioned in the Significant Tropical Weather Advisory as an area
of persistent convection within the monsoon trough.

170131Z - A Tropical Cyclone Formation Alert was issued following a consolidation of convection near
the circulation center and a 20 kt (10 m/sec) ship report from the 1612007 surface streamline analysis.
1706007 - The first warning was issued based upon satellite intensity estimate of 25 kt (13 my/sec).
200000Z - The significant weakening of TDO7W as it crossed the Philippine Islands prompted JTWC to
cease waming on the system.

III. IMPACT
No reports received.

Figure 3-07-1 Approaching the central Philippines, TD 07W attains its peak intensity of 30 ki (15 m/sec)(180530Z June
visual GMS imagery).
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TYPHOON LEWIS (08W)

I. HIGHLIGHTS

Forming in the Philippine Sea, Typhoon Lewis was the first in a series of five significant tropical
cyclones to occur during July. As it tracked west-northwestward, Lewis made landfall three times, over
the central Philippines, Hainan Dao, and Vietnam, before dissipating over Thailand.

1. CHRONOLOGY OF EVENTS

July

040600Z - Persistent convection within the monsoon trough, east of the Philippine Islands, resulted in
the first mention of the disturbance in the Significant Tropical Weather Advisory.

060630Z - A Tropical Cyclone Formation Alert was issued when satellite image animation revealed an
increase in the amount and curvature of the convection.

070000Z - The first warning on Lewis was issued based upon the first daylight satellite image with an
mtensity estimate of 25 ki (13 my/sec).

0812002 - Following a synoptic report of 998.9 mb near the circulation center and supported by satellite
ntensity estimates, Lewis was upgraded 1o a tropical storm. Post analysis indicates Lewis most proba-
bly attained tropical storm intensity 12 hours earlier at 080000Z.

100000Z - Satellite intensity estimates of 65 kt (33 m/sec) resulted in Lewis being upgraded to a
typhoon (Figure 3-08-1).

Figure 3-08-1 Tight coils of conveetion cfinc Lewis shortly before the typhoon makes landfal] on

Hainan Dao (1005307 July visual GMS imagery).
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121200Z - The final warning on Lewis was issued as the tropical cyclone rapidly weakened over the
mountains of Southeast Asia.

IIl. IMPACT
News releases from Vietnam attributed two deaths, two injuries, and eight people missing o Lewis’
passage. In northeast Thailand, flash floods damaged farmlands and more than 100 roads and bridges as

the remnants of Lewis tracked westward.
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TROPICAL STORM MARIAN (09W)

I. HIGHLIGHTS

Forming within the monsoon trough, Marian tracked northwestward towards northern Luzon,
then took a more northward track before dissipating in the Philippine Sea. Strong, persistent upper-level
winds inhibited development and ultimately led to Tropical Storm Marian’s dissipation.

II. CHRONOLOGY OF EVENTS

July

111900Z - A persistent convection embedded in the monsoon trough in the western Caroline Islands
was first mentioned in the Significant Tropical Weather Advisory

120800Z - A Tropical Cyclone Formation Alert (TCFA) was issued following an increase in convective
organization (Figure 3-09-1). Because the tropical disturbance was slow to develop, the TCFA with
reissued 24 hours later.

131200Z - Rapidly improving convective organization resulted in a satellite intensity estimate of 25 kt
(13 m/sec) which prompted JTWC to issue the first warning,

14C000Z - Based upon a satellite intensity estimate of 35 kt (.8 m/sec), Manan was upgraded to tropical
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Figurc 3-(9-1 Marian, which is slowlv intensifying, approaches the island of Yap (1204257, July visual GMS imagery).
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TYPHOON NATHAN (10W)

I. HIGHLIGHTS

After passing through the central Mariana Islands, Nathan interacted with a monsoon gyre which
had formed in the Philippine Sea. Approaching the SW-NE oriented cloud band associated with the
monsoon gyre, Nathan turned to the north to occupy a position at the northeastern end of that cloud
band. From this position, Nathan accelerated rapidly (northward at first, then tending more northwest-
erly); and, breaking free of the monsoon cloud band. raced across southwestern Japan. Later, it entered
the Sea of Japan, where it slowed in forward speed and dissipated. Operationally, Nathan was most
notable for it’s impact on Exercise Tandem Thrust in the Mariana Islands and it’s rapid acceleration
towards Japan. JTWC forecasts were hampered by the inability of the NOGAPS model to simultaneous-
ly handle a cutoff low south of Kyushu as Nathan rapidly approached Japan.

II. Ct.RONOLOGY OF EVENTS

July

170600Z - An area of persistent convection within the monsoon trough, northwest of Pohnpei, resulted
in the first mention of the disturbance in the Significant Tropical Weather Advisory.

190200Z - An increase in both the amount and curvature of the convection east of the Mariana Islands,
led to issuance of a Tropical Cyclone Formation Alert.

1912002 - Consolidation of central cloudiness and the resulting satellite intensity estimate of 25 ki (13
m/sec) prompted the first warning. Post analysis of satellite and synoptic data indicated that the forma-
tion of the tropical depression most probably occurred 12 hours earlier at 190000Z.

200000Z - Based upon a satellite intensity estimate of 35 kt (18 m/sec), Nathan was upgraded to a tropi-
cal storm.

240600Z - The appearance of a ragged, cloud-filled eye and a satellite intensity estimate of 77 kt (40
m/sec) led to Nathan’s upgrade to a typhoon.

251200Z - The final warning was issued on Nathan as it dissipated in the Sea of Japan.

III. IMPACT

The approach of Tropical Storm Nathan towards Saipan and Tinian in the central Marana Islands
hindered operations during Exercise Tandem Thrust.

1V. DISCUSSION

During the latter half of July 1993, the monsoon circulation of the western North Pacific became
organized as a monsoon gyre (see definition in Appendix A and Figure 3-10-1). The monsoon gyre of
July 1993 was associated with the formation of two and the motion of three very small tropical
cyclones: Nathan, Ofelia (11W), and Percy (12W). Fortuitously, the Office of Naval Research and the
Naval Postgraduate School were conducting a mini-field experiment, Tropical Cyclone Motion 1993
(TCM-93) (see Harr et al., 1993 for details), during the lifetime of this monsoon gyre. In support of
TCM-93, an Air Force Reserve WC-130 weather reconnaissance aircraft from the 815th Weather
Squadron was deployed to Guam to obtain measurements in and around tropical cyclones in the western
North Pacific.

By 21 July, an independent large-scale cyclonic vortex had formed in the tropics of the western
North Pacific. This vortex and its accompanying low-pressure area moved westward over the next 10
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days, and influenced the motion of Nathan, Ofelia (11W), and Percy (12W). In each case, the tropical
cyclone emerged from the downstream head of the monsoon cloud band, escaped from the gyre circula-
tion and followed a “north-oriented” track (JMA, 1976) over Japan. Noted by Harr et al. (1993), each
storm formed westward of the previous storm as the monsoon gyre drifted westward (Figure 3-10-2).
By the first of August 1993, the monsoon gyre had merged with the low-pressure arca over the Asian
land mass.

During the westward migration of the July 1993 monsoon gyre, a successful forecast of sequential
tropical cyclone development (each predicted to form to the west of the one prior) in the northeastern
quadrant of the monsoon gyre was made by the TCM-93 forecast team in conjunction with JTWC fore-
casters. Three aircraft missions were flown during the period of genesis and intensification of the sec-
ond gyre-related tropical cyclone, Ofelia (see Harr et al., 1993). The TCM-93 data set may provide a
means to examine the mechanisms leading to the formation of midget or very small tropical cyclones in
the peripheral cloud band of a monsoon gyre.




MONSOON GYRE

s

1 0°E 120°E

Figure 3-10-1 Depiction of a monsoon gyre. a) Schematic illustration of a
monsoon gyre's cloudiness and pressure. Solid black cloud silhouettes
represent areas of deep convective, single filaments indicate cirrus orienta-
tion and the circle depicts the region of large-scale lowest surface pressure
surrounding the center (dot) of the monsoon gyre. b) Surface pressure
analysis for 240600Z July of Nathan embedded in a monsoon gyre.
Pressure contours are every 4 mb with areas of 1004 mb or less haiched.
c) 240000Z July infrared GMS image of Nathan and cloudiness associated
with a monsoon gyre.
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Figure 3-10-2 lllustration of the west-northwestward movement of the monsoon gyre of July 1993. a) The 1008, 1008, 1006
and 1004 mb contour of sea-level pressure (SLP) at 06Z July 21, 22. 23 and 24 respectively. b) The 1006 mb contour of SLP at
06Z July 25. 26 and 27. ¢) The 1006 mb contour of SLP at 067Z July 28, 29, 30 and 31. Dots show 06Z position of Nathan (N),
Ofclia (O) and Percy (P) which show on each panel.

66




SN

QINSSI ONINIVM LSVT
AsNSSI ONINYVA LI
1OVLS ONLLVJISSIA
TvDldOdLENS
TYDIdO¥1VELXT

ANA NOOHJ AL ¥3dNS

14V LIS NOOHdAL ¥idNS
NOOHJAL

WAOLS TVIIdOYL
NOISSTI4HA TVIIdOs L
FONVEUNLSIA TVIIdOUL
Z0000/XX 1V NOLLISOd
(L)) ALISNSLNI

(1) INTWIAOW 40 @d4dS
| NOLLISOd MOVYL 1S2€ ¥H-9

anioa1

01

07

sT

67

0t

st

ov

qiN166 4TS WNIININ
LASY ANIM O4S XVIN e S

€6 NI 8T-1Nf #T o P sy
MI1-DL AOVHL Ls3d R P

VIT440 WOLS TVOIJOUL |

0S N
q091 $S1 0s1 4 14 St1 0¢1 74| 1744 Sitd




TROPICAL STORM OFELIA (11W)

v - ) i pod 4 -
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Figure 3-11-1 Ofclia with a rapidly developing CDX) begins its separation from the monsoon cloud band (2505317 July visual GMS
imagery).

OFELIA

‘e d :

I. HIGHLIGHTS

Forming in association with a monsoon gyre, Ofelia was the only system not to attain typhoon
intensity during July. Ofelia was of interest due to its unusually rapid initial development and small size
(Figure 3-11-1). Because of TCM-93, valuable additional data from Air Force aircraft weather recon-
naissance describing this tropical cyclone were available to JTWC forecasters.

II. CHRONOLOGY OF EVENTS

July

240600Z - The disturbance was first mentioned in the Significant Tropical Weather Advisory as an area
of persistent convection in the Philippine Sea.

242200Z - A Tropical Cyclone Formation Alert was issued based upon the first daylight visual satellite
image showing a well organized exposed low-level circulation center.

250600Z - Due to the unusually rapid growth of a central dense overcast (CDO) over the low-level cir-
culation center, the first warning was issued for a tropical storm. Post analysis indicated that Ofelia

68




most probably reached tropical storm irntensity at 2S0900Z.
280000Z - The final warning was issued as Ofelia dissipated over the Sea of Japan.

III. IMPACT
No reports received.
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TYPHOON PERCY (12W)

I. HIGHLIGHTS
The final significant tropical cyclone to spin out of a monsoon gyre, Typhcon Percy, also fol-
lowed a north-oriented track towards Japan. Forming in the Philippine Sea, Percy briefly attained

typhoon intensity, but was most notable for it’s rapid acceleration towards Japan after passing near
Okinawa (Figure 3-12-1).

II. CHRONOLOGY OF EVENTS

July

260600Z - An area of persistent convection, which separated from a large area of deep convection asso-
ciated with converging monsoonal flow into Tropical Storm Ofelia (11W), resulted in the first mention
of the disturbance in the Significant Tropical Weather Advisory.

270600Z - A Tropical Cyclone Formation Alert was issued as monsoonal wind flow across the
Philippine Sea enhanced convection associated with the disturbance.

271800Z - The first warning was issued based upon a consolidation of convection near the circulation
center and a satellite intensity estimate of 25 kt (13 m/sec).

280600Z - Based upon a synoptic report, which indicated 25 kt (13 m/sec) southerly winds located 60
nm (111 km) from the circulation center, Percy was upgraded to a tropical storm.

291200Z - The appearance of a cloud filled eye and the resulting satellite intensity estimate of 65 kt (33
im/sec) prompted the upgrade to a typ!.oon.

301200Z - The final warning was issued on Percy as it dissipated in the Sea of Japan.

II1. IMPACT

The highest reported wind gusts on Okinawa — 49 kt (25 m/sec) — occurred at Naha (WMO
47936). Later, Amami, Japan (WMO 47909), in the northern Ryukyu Islands, reported maximum wind
gusts of 69 kt (36 m/sec). Nu reports of damage were received.
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Figure 3-12-1 Percy brushes by Okinawa (290424Z. July visual GMS imagery).
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TYPHOON ROBYN (13W)

Figure 3-13-1 Typhonn Robyn with its associated rain and monsoon southwesterly winds churns north.
westward towards Ryukyu Islands (052224Z August visual GMS Imagery).

I. HIGHLIGHTS

The sixth and final tropical cyclone of July, Robyn, formed in the near equatorial trough in the east-
ern Caroline Islands. This typhoon was notable for its large size, and for the fact that it was one of three
to impact both Okinawa and Sasebo, Japan in 1993. Data from a WC-130 weather reconnaissance air-
craft flying in support of TCM-93 were used to support tracking and forecasting.

Il. CHRONOLOGY OF EVENTS

July

300600Z - An area of persistent convection in the near equatorial trough resulted in the first mention of

the disturbance in the Significant Tropical Weather Advisory..

311300Z - A Tropical Cyclone Formation Alert was issued based on indications from animated saiellite

imagery, synoptic reports and weather reconnaissance observations that a cyclonic circulation was

developing.

August

011200Z - The first warning was issued based on a satellite intensity estimate of 25 kit (13 m/sce).

020600Z - Based on a satellite intensity estimate of 35 kt (18 m/sec), Robyn was upgraded to a tropical

storm, abcut 250 nm (463 km) northwest of Chuuk.

030600Z - Based on a satellite intensity estimate of 65 kt (33 m/sec), Robyn was upgraded to a typhoon.
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Post analysis of subsequent satellite and aircraft data indicated that the system most probably recached
typhoon intensity at 040000Z.
080835Z - The JTWC transferred warning responsibility for Robyn to the AJTWC at Pearl liarbor,
Hawaii after an 8.1 magnitude earthquake centered near Guam interrupted power and communications
at F1WC.
082130Z - The JTWC resumed warning responsibility.

. 101800Z - The final warniag was issued on Robyn as it rapidly weakeued and transitioned into an extra-
tropical low.

III. IMPACT

As Robyn moved souvthwest of Guam, it provided some relief for the drought-stricken island.
Typhoon Robyn caused Condition of Readiness (COR) 1 to be set at Ulithi and Yap. JTWC forecasters
expected the system to turn northward, but that the timing could not be determined accurately enough to
keep Yap from setting COR 1. After passing to the north of Ulithi and Yap, Robyn (Figure 3-13-1)
headed for the Ryukvu Islands. Kadena AB, on Okinawa evacuated aircraft and went to COR 1 at
080300Z. Peak winds recorded on Okinawa were 43 kt (22 m/sec). Subsequently, Robyn tracked
across Kyushu, causing the Naval Station at Sasebo, ;apan to set COR 1. As Robyn passed just west of
the Sasebo, a ship in. the harbor, the MV Maersk Constellation, reported sustained winds of 60-65 kt
(31-33 m/sec) and a barometric pressure of 973 mb at 09:800Z. The ship's pressure fell to a minimum
of 969.0 mb at 092200Z. During the ordeul, the ship dragged anchor for half a mile across the harbor.
In contrast, the Sasebo weather station which is sheltered by hills orly reported maximum sustained
winds of 40-48 kt (21-25 m/sec) with gusts tc 60 kt (31m/sec). Later, as Robyn passed though the
Korea Strait, it created 20-35 11 (6.1-16.7 n1) waves on ihe soutnern coast of Korea. Coastal wave dam- —
age and agricultural losses due to tlooding amountzd to more than (US)$68 million. Of the over 45
storm-related deaths, press reports indicated 39 resulted from automobile accidents attributed to the tor-
rential rains.

DI"CUSSION ,
The JTWC-based, month-long TCM-93 was in progress when Robyn began deveioping. The exper-
4t team was using a WC-130 weather reconnaissance aircraft to test hypotheses involving sub-syn-
¢nd mesoscale effects on tropical cyclor~ motion. In the case of kobyr, the team planned to test
spothesis of Holland and Lander (H&L) (1993) that large mesoscale convective systems {MCS)
... «dded in the tropical cyclone circulation can cause meaniers in tropical cyclone tracks on the order
of 100 km over a period of 1-2 days. H&L's physical explanatien for this is that an MCS deveiops suf-
s ficient vorticity, allowing it to rotate cyclonically with the tropical cyclone about a centroid between the
. two, in a manner similar o that observed during a Fujiwhara (or binary) interaction bet.veen two inde-
pendent tropical cyclones. At 1230Z on the night of 03 August, a band cf convection began to build
avout 100 nm (185 km) north of Robyn's central dense overcast (CDO). In two nours, a portior: of the
. band had explosive ly expanded into a large elliptical MCS of comparable size 1o Robyn's CDO (Figure
3-13-2). Over the 9-hour period from 0315007 to 0400007, ke large MCS rapidly moved 300 nun (555
km) westward (from an initial location to the north of Robyn to a later position to the northwest of
Robyn), at a speed of 34 kt (63 knvhr). During the same 9-hour perid, Robyn slowed in forward speed
from 13 kt (24 km/hr) to 6 xt (11 km/hr). After the MCS moved to the west side ot Robyn, the
typhoon's track, at least in the animated satellite imagery, appeared to c2ase all westward movement,
take a small aip to thc south, and :hen reverse direction, heading to the north and then the rorthwest.

75




This abrupt track change required less than 6 hours. The sequence of events concerning Typhoon Robyn
are discussed in more detail in Harr et. al (1993).

Another plausible explanation for the unusual motion of Robyn has been postulated by Carr and
Elsberry (C&E) (1994), who attributed \he behavior to the interaction of Robyn with a large "monsoon
gyre" located to its west. In sensitivity studies using a barotropic model, C&E were able to duplicate the
character of Robyn's abrupt track changes — westward motion followed by an abrupt change to north-
ward or northwestward motion. Figure 3-13-3 illustrates the suaden track changes exhibited by 6 tropi-
cal cyclones in 1990. It is conceivable that both the MCS and monsoon gyre mechanisms may have
been working in tandem to produce Robyn's abrupt track change.

135°E 155°E
20°N 20°N

Figure 3-13-2 Graphic representation of the observed cold cloudi-
ness associated with Robyn's CDO and an MCS. Solid black cloud
silhouettes represent areas of coldest conveciive tops, outer con-
tours shows regions of dense cirrus overcast. (Adapted from
031531Z August enharnced infrared GMS imagery.)

Figure 3-13-3 A composite of 3-4 day track segments centered
around sudden below-the-ridge track changes for 6 wropical cyclones
n 1990 (from Carr and Elsberry, 1994).
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Figure 3-14-1 To the northwest of Guam, Steve continues to slowly intensify (082331Z August visual GMS imagery).

I. HIGHLIGHTS

Forming in the wake of, Robyn (13W), Steve became the second tropical cyclone of August.
Despite the appearance of strong upper-level westerly wind shear from Robyn's outflow, Steve was able
to attain minimal typhoon intensity. Later, however, the typhoon was subjected to strong easterly shear
and rapidly dissipated over the open ocean south of Okinawa.

1. CHRONOLOGY OF EVENTS
August
030600Z - The tropical disturbance was first mentioned on the Significant Tropical Weather advisory as
an area of persistent convection enhanced by a surge in the southwest monsoon.
051300Z - The appearance of a developing cyclonic circulation on the animated cloud imagery prompt-
ed the issuance of a Tropical Cyclone Formation Alert.
060000Z - The first warning was issued based on the improved organization of the convection as
viewed on the the first visual satellite image of the day.
070000Z - Steve was upgraded to tropical storm intensity based on improved convective organization
and the resulting 35-kt (13-ny/sec) satellite intensity estimate.
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080835Z - Warning responsibility transferred to the Alternate Joint Typhoon Warning Center at Pearl
Harbor, Hawaii after an 8.1 magnitude earthquake near Guam temporarily knocked out power and com-
munications.

081800Z - Warning responsibility returns to JTWC.

100600Z - Steve was upgraded to typhoon intensity based on the appearance of a cloud-filled eye.
121800Z - The final wamning was issued oa Steve following rapid dissipation over water in an environ-
ment featuring strong upper-level easterly winds.

1. IMPACT

Tropical Storm Steve caused Saipan and Tinian to go to Condition of Readiness (COR) 1. Saipan
recorded sustained winds of 45 kt (23 m/sec) with gusts to 60 kt (31 m/sec) and experienced extensive
flonding on the island due to heavy rains on 8 August. The large PACOM combined exercise, TAN-
DEM THRUST, was prematurely ended when troops prepositioned on the island of Tinian were evacu-
ated and a planned amphibious assault of the island was canceled due Steve's approach.

IV. DISCUSSION

As Steve developed and moved westward, it came under the upper-level outflow of Typhoon Robyn
(13W). Despite the appearance of strong upper-level wind shear, Steve managed to continue to slowly
intensify. As Robyn moved northwestward toward the Ryukyu Islands, the upper-level shear appeared
to weaken as Steve slowly intensified (Figure 3-14-1). On the afternoon of 10 August, Steve was
upgraded to typhoon intensity and coincidently made a track change from westward to northwestward.
After reaching minimal typhoon intensity, Steve began 10 weaken apparently in association with the
establishment of northeasterly flow aloft. This flow became established as Robyn recurved into midlati-
tudes and a large upper-level anticyclone formed east of Japan.

It is interesting to note that Steve intensified slowly in an environment that featured upper-level
westerly winds, but weakened rapidly in an environment that featured upper-level northeasterly winds.
A closer look at these two upper-level wind regimes follows.

a. Intensificatic, despite westerly wind shear — Steve comes under the influence of the outflow
from Typhoon Robyn. The fact that Steve is able 1o maintain a central dense overcast (CDO), suggests
that the system's own outflow is able to hold its own against that of Robyn’s, thus deflecting the wester-
ly winds and preventing the shear from reaching the central core. It is suggested that in order for Steve
to survive, its outflow has to maintain a buffer sufficient to keep the westerly winds from disrupting the
vertical structure of the core of the storm. The deflection of the westerly upper-level winds around
Steve's cloud system may not be as difficult as it would appear at first glance. The wind at 200 mb near
Robyn was strongly cyclonic for a radius of several hundred miles. Thus, the upper-level westerly
winds (as indicated by the orientation of the cirrus cloud plumes) in the vicinity of Steve — located
downstream from Robyn's outflow to the east — were probably relatively high and relatively shallow.
The thinness of the ambient cirrus is further evidence that the upper-level westerly flow over Steve was
relatively high ( at the 200-mb pressure height and higher) and shallow (confined between the 200-mb
level upward to just above the tropopause). The relatively straight-line westerly winds from the high-
level outflow streaming from Robyn and across the region of Steve lasted for three days (5-7 August) in
the manner illustrated in the model in Figure 3-14-2a. There was a gradual shrinking of the convection
in response to the shear during those three days (Figure 3-14-3a). By 8 August, the upper-level flow
had become strongly diffluent in the region of Steve, flowing northward into a cell in the TUTT to the
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northwest of Steve, and tumning anu'cyclonically into Swong easterlieg south of Steve, This diffluent pat-
tem is illustrated in the Synoptic model in Figure 3-14.2p, Steve was thys Placed in an ares of maxi-
mum anticyclonic Curvature which not only reduced the shear above the storm, by

aregion of upper-leve] divergence

= =

Figure 3.14.2 4 model of upper-Jeve] streamiines based on composited 200-mb winds and cirrus plume orienta.
1ons taken from satellite imagery associaled with Robyn (13W) and Steve. (8) Composite for s through 7
August, (b) Composite for 8 through 10 August, (¢) Composite for 10 and 11 August, ang (d) Composite for
12 and 13 August. Solid black dot = the location of Robyn angd tropical cyclone Symbol = Steve.

b. Weakening with Strong Upper-Leve] Easterly Winds —_ In this case, the ambient flow ig deep and

¢. Rules of Thumb — 1) Upper-level westerly or southwesterly winds from a tropical cyclone can

Create a downstream, environment tg the €ast that is favorahle for the development or intensification of

another tropical Cyclone, despite the appearance (op satellite Imagery) of Strong westerly shear across
80




the downstream tropical cyclone. The upper-level westerly winds are generally in a shallow layer, high,
and strongly diffluent. Convection is favored at the location of the second (or downstream) tropical
cyclone as a quasi-stationary trough amplifies in the upper-level flow between the two tropical cyclones.
2) In contrast, strong easterly or northeasterly upper-level winds across a tropical cyclone tend to shear
away the convection leaving the low-level circulation center exposed.
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Figure 3-14-3 Nlustration depicting the size and shape of Steve’s cirrus canopy from S to 13 August: (a) unidirectional
westerly winds aloft, (b) highly diffiuent west winds aloft, and (c) unidirectional easterly winds aloft. Black areas =
dense cirrus overcast and dashed lines = the extent of thin cirrus.
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TROPICAL DEPRESSION 15W

1. HIGHLIGHTS

Forming near the international date line, Tropical Depression 15W was hindered by persistent upper-

level wind shear resulting in a short-lived system which, like Tropical Depression 01W earlier, required
only five warnings (Figure 3-15-1).

II. CHRONOLOGY OF EVENTS
August

121800Z - When the convection associated with the disturbance increased, the Significant Tropical
Weather Advisory was reissued to include the disturbance as a fair suspect area.

130300Z - A Tropical Cyclone Formation Alert was issued following an increase in convective organi-
zation.

131200Z - Based on a satellite intensity estimate of 25 kt (13 m/sec), JTWC issued the first warning.
141800Z - The final warning was issued as the depression dissipated due to persistent upper level shear
which left behind an exposed low-level circulation.

II. IMPACT
None.

Figure 3-15-1 Convection associated with TD 15W is persistent, but remains poorly organized (1402312
August visual GMS imagery).
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TYPHOON TASHA (16W)

B

MANILA ¥

Figure 3-16-1 As Tasha passes north of Manila, bands of deep convection cover the island of Luzon (1723317 Augus: visual GMS
imagery.)
I. HIGHLIGHTS

Forming within the monsoon trough near Chuuk in the central Caroline Islands, Tasha was the
fourth significant tropical cyclone of August. Tasha intensified slowly, but steadily, as it tracked north-
westward across the Philippine Sea and inte the South China Sea where it briefly threatened Hong
Kong.

II. CHRONOLOGY OF EVENTS

August

121800Z - The disturbance was first mentioned in the Significant Tropical Weather Advisory as an area
of persistent convection embedded within the monsoon trough.

130800Z - The first Tropical Cyclone Formation Alert (TCFA) was issued based on an increase in con-
vection.




140800Z - While the disturbance did not intensify significantly during the first TCFA, conditions
remained favorable for development, and a second TCFA was issued.

150000Z - The first warning was issued based on gradient-level winds of 31 kt (16 m/sec) at Koror
(WMO 91408).

161200Z - Based upon increased convective curvature and a satellite intensity estimate of 35 kt (18
m/sec), Tasha was upgraded to a tropical storm.

190600Z - Following a satellite intensity estimate of 65 kt (33 m/sec) which also indicated that upper-
level shear had abated, Tasha was upgraded to a typhoon.

220000Z - The final warning was issued as the tropical cyclone dissipating over land in southern China.

III. IMPACT
Flooding from heavy rains associated with Tasha (Figure 3-16-1) as it passed north of Luzon, forced
21,000 people to evacuate homes in low-lying areas in Manila.
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TYPHOON VERNON (17W)

1. HIGHLIGHTS

Vernon formed east of the Mariana Islands as Typhoon Keoni (01C) was moving over open water
to the northeast and Typhoon Tasha (16W) was moving inland over Crina. Threatening Japan, Vernon
passed to the east of Tokyo as it skirted the east coast of Honshu. Vemon continued towards the north-

northeast where it slowly weakened and eventually transitioned into an extratropical low in the Sea of
Okhotsk.

II.CHRONOLOGY OF EVENTS

August

180600Z - Vernon was first mentioned in the Significant Tropical Weather Advisory as an extensive
area of convection within the monsoon trough north of Pohnpei.

201700Z - Increased convection, associated with the disturbance, led to the issuance of a Tropical
Cyclone Formation Alert.

211200Z - The first warning was issued based on increased convective curvature and a satellite intensity
estimate of 25 kt (13 m/sec).

220000Z - Vernon was upgraded to tropical storm intensity following a satellite estimate of 35 kt (18
m/sec).

240000Z - A satellite intensity estimate of 65 kt (33 m/sec) was the impetus for upgrading Vernon to a
typhoon (Figure 3-17-1).

280000Z - The final wamning was issued as Vernon transitioned into an extratropical low in the Sea of
Okhotsk.

1. IMPACT

Japanese news agencies reported two deaths and four injuries. More than 7800 homes and business-
es were flooded. There were also numerous landslides, and washed out bridges, roads, and railways.
The Naval Meteorology and Oceanography Command Facility at Yokosuka reported maximum sus-
tained winds of 45 kt gusting to 62 kt (23G32 m/sec). Further from Vernon’s track and inland, the Naval
Meteorology and Oceanography Command Detachment at Atsugi observed maximum sustained winds
of 35 kt gusting to 49 kt (18G25 m/sec).
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Figure 3-17-1 Typhoon Vemon, a day after reaching its peak intensity, heads toward
Tokyo. Part of Keoni's (01C) cloud shield appears in the top right corner of the pic-
ture (250021Z August visual DMSP imagery).
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TROPICAL STORM WIN(NA (18W)

- T v " .-'r‘,\.':-' ‘I )

Figure 3-18-1 Convection displaced 1o the southwest, by strong upper tropospheric winds,
fully exposes the low-level circulation center of Tropical Storm Winona (242330Z August
visual GMS imagery).

I. HIGHLIGHTS

Initially forming west of Palau in the Philippine Sea, Winona slowly intensified while crossing the
central Philippine Islands. Upon entering the South China Sea, Winona continued to slowly intensify,
but reached an intensity plateau of 40 to 45 kt (20 to 23 m/sec) that lasted for four days. Increasing
upper tropospheric wind shear weakened the storm as it moved westward (Figure 3-18-1). Winona ulti-
mately moved over Vietnam and dissipated.

II. CHRONOLOGY OF EVENTS

August

190600Z - Persistent convection within the monsoon trough, near the western Caroline Islands, resulied
in the first discussion of the disturbance in the Significant Tropical Weather Advisory.

211200Z - A Tropical Cyclone Formation Alert was issued following an increese in convective organi-
zation.

220600Z - The first warning was issued based on increased convective curvature and a satellite intensity
estimate of 25 kt (13 m/sec).

230600Z - Following a satellite intensity estimate of 35 kt (18 m/sec),

Winona was upgraded to tropical storm intensity.

2912007 - The final warning was issued on Winona as it dissipated over Vietnam.

N




1. IMPACT
No reports were received.
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SUPER TYPHOON YANCY ( 19W)

Figure 3-19-1 Visual image of Super Typhoon Yancy with a large. elongated eye. approximately seven hours prior (o land-

fall in southern Kyushu. At this time, Yancy's maximum sustained winds were estimated to be 120 kt (62 m/scc) (0223307/.

September visual GMS imagery.)
1. HIGHLIGHTS

Striking southern Kyushu with sustained winds of 115 kt (60 m/sec), Yancy was one of the most

powerful typhoons to hit Japan in decades (Figure 3-19-1). Forming in the Philippine Sea, Yancy
tracked westward toward Taiwan, unti! it reached typhoon intensity. The tropical cylone then turned to
the northeast and rapidly intensified inso a super typhoon, passing within 60 nm (110 km) of Okinawa.
Yancy was the second of three supcr typhoons of the 1993 tropical cyclone season.

II. CHRONOLOGY OF EVENTS

August

280600Z - An area of persistent convection generated by convergent southwesterly monsoonal flow
resulted in the first discussion of the disturbance in the Significant Tropical Weather Advisory.
290100Z - A Tropical Cyclone Formation Alert was issued on the disturbance when convection consoli-
dated near the circulation center.

290600Z - The first warning was issued based on a satellite intensity estimate of 25 kt (13 m/sec).
300600Z - Based on a ship report of 40 kt (21 nysec) 60 nm (110 km) east of the system center, Yancy
was upgraded to tropical storm intensity.

311800Z - Following the development of a well developed banding eye feature and a satellite intensity
estimate of 65 kt (33 m/sec), Yancy was upgraded to typhoon intensity.
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September

020600Z - After a period of rapid intensification and a subsequent satellite intensity estimate of 127 kt
(65 m/sec), Yancy was npgraded to super typhoon intensity.

041200Z - The final warning was issued as Yancy dissipated in the Sea of Japan.

I11. IMPACT

Making landfall over southern Kyushu at approximately 030700Z. Yancy packed estimated max-
imum sustained winds of 115 kt (5% wy/sec). Weather observations from Kanoya, Japan (WMO 47850),
along coastal southern Kyustu, reported maximum gusts of 129 kt (66 my/sec). A total of 42 deaths (27
in Kagoshima Prefecture near the point of landfall), 155 injuries, and 5 missing people were attributed
to Yancy as it traversed over Japan. More than 124 homes were destroyed, 4620 homes and businesses
damaged, and 400,000 homes were without electricity. In addition, there was extensive agricultural
damage and a widespread disruption of rail and airline travel in Southeastern Honshu.

Maximum winds at Kadena AB, Okinawa were reported at 48 kt with gusts to 77 kt (25CG40
m/sec). Sasebo and Iwakuni reported weaker maximum sustained winds of 28 kt gusting to 56 kt
(14G29 m/sec) and 30 kt gusting to 45 (15G23 m/sec), respectively.
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TYPHOON KEONI (01C)

30N :
- 4 155¢

MINAMI
TORI SHIMA

Figure 3-01C-1 Keoni ricks in tandem with Vemnon (17W) (242313Z August visual NOAA imagery.)

I. HIGHLIGHTS

Typhoon Keoni formed southeast of Hawaii in the central Pacific and crossed into the JTWC
area of responsibility on 20 August. Keoni remained over open water its entire life and did not pose a
significant threat to land. Keoni tracked northwest in tandem with Typhoon Vernon (17W) before dissi-
pating (Figure 3-01C-1) over cool water.

II. CHRONOLOGY OF EVENTS

August

200000Z - The first warning on Typhoon Keoni is issued after the storm crossed the international date
line into the JTWC area of responsibility.

210600Z - Keoni attained a maximum intensity of 100 kt (51 m/sec). Keoni earlier attained this maxi-
mum in the central Pacific.

281200Z - The final warning was issu :d on Keoni as it dissipated over cool water in an area of strong
upper level vertical wind shear.

1. IMPACT
None.
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TROPICAL STORM ZOLA (20W)

Figure 3-20-1 Zola at tropical storm intensity passes to the east of Okinawa (0722307 September visual GMS imagery).

I. HIGHLIGHTS

Forming within the monsoon trough in the Philippine Sea, Zola was the first of six significant tropical
cyclones to occur during September. Steadily accelerating north-northeastward and passing east of
Okinawa (Figure 3-20-1), Zola reached it’s maximum intensity of 55 kt (28 m/sec) just prior to landfall
in Japan.

1. CHRONOLOGY OF EVENTS

September

030600Z - An area of convection within the monsoon trough, east of Luzon, resulted in the first men-
tion of the disturbance in the Significant Tropical Weather Advisory.

050800Z - Increased convective organization, scuthwest of a cyclonic cell in the Tropical Upper
Tropospheric Trough (TUTT), led to the issuance of a Tropical Cyclone Formation Alert on the distur-
bance.

051200Z - The first warning was issued based on improved convective curvature and a sateliite intensi-
ty estimate of 25 kt (13 m/sec).

061200Z - Based on a satellite intensity estimate of 35 kt (18 m/sec), Zola was upgraded to tropical
storni intensity.
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090600Z - The final warning was issued as Zola transitioned into an extratropical low over Honshu,
Japan.

1. IMPACT

Press reports indicated that heavy rains associated with Zola flooded homes, caused landslides,
and stopped train service in Wakayama, a Japanese prefecture 280 nm (520 km) southwest of Tokyo.

100




QaNSSI ONINYVA LSV'T
A3INSSI ONINYV M LS
gOVLS ONLLVJISSIA
TVIldOYLENS
TVIId0d1LVYLIXT

N3 NOOHd AL ¥3dNS
1Y¥VLIS NOOHJALY4dNS
NOOHJAL

WJ01S “1vIIldOdlL
NOISSTHdIQ TVIIdOUL
HONVEINLSIA TVIIdOUL
Z0000/XX LV NOLLISOd
(1) ALISNILNI

(1) INTWTAOW 1O AFHdS
NOLLISOd HOVYL LS34 4H-9

v\ zooi6oa ILEL oo w aNaoaT

gNEE6 4TS WNIWININ

LMOTT ANIM O4S XVIN
£6ddS S1-d4S L0

MIZ-OL OVl 1534

J49V NOOHdAL

011




TYPHOON ABE (21W)

I. HIGHLIGHTS

The first typhoon of September, Abe, initially took an unusual eastward track across Luzon, in
the wake of Tropical Storm Zola (20W). After entering the Philippine Sea, Abe slowly turned back to
the west, passed north of Luzon, and intensified to 110 kt (57 m/sec) before making landfall in China,
east of Hong Kong. Radar images from Kaohsiung (WMO 46744) revealed a dramatic decrease in the
diameter of the eye over a period of 20 hours (Figure 3-21-1) as Abe passed just to the south of Taiwan.

II. CHRONOLOGY OF EVENTS

September

070600Z - An area of persistent convection within the monsoon trough, west of Luzon, resulted in the
first discussion of the disturbance in the Significant Tropical Weather Advisory.

080300Z - A Tropical Cyclone Formation Alert (TCFA) was issued on the disturbance in the South
China Sea, following a period of rapid development in its convective organization.

082100Z - A second TCFA was issued after the disturbance crossed Luzon and reorganized in the
Philippine Sea.

090000Z - The first warning was issued on the tropical depressio: following an improvement in con-
vective curvature and a satellite intensity estimate of 25 kt (13 m/sec).

091800Z - Based on continuously increasing convective organization and a satellite intensity cstimate of
35 kt (18 m/sec), Abe was upgraded to a tropical storm.

110000Z - Following the development of a cloud filled eye and a satellite intensity estimate of 77 kt (40
m/sec), Abe was upgraded to typhoon intensity.

150000Z - The final waining was issv ' on Abe as it dissipated in southern China.

I IMPACT
No reports received.




Figure 3-21-1 Radar images from Kaohsiung (WMO 46744): a) at 1122007, and b) 121800Z September show the
dramatic decrease in Abe's eye diameter from 25 to 8 nm (45 w0 15 km) as intensification takes place (Radar photos

courtesy of the Central Weather Bureau, Taipei, Taiwan).
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TYPHOON BECKY (22W)

I. HIGHLIGHTS

The third of six significant tropical cyclones to form during September, Becky remained a weak
cyclonic disturbance while tracking towards northern Luzon. After the first warning was issued, Becky
intensified at a faster than average rate and attained typhoon intensity 48 hours later. The tropical
cyclone reached a peak intensity of 65 kt (33 m/sec) ten hours prior to landfall in southern China.
Becky (Figure 3-22-1) was the second typhoon in three days to threaten Hong Kong.

II. CHRONOLOGY OF EVENTS

September

091800Z - An area of persistent convection within the monsoon trough, near the Caroline Islands,
resulted in the first mention of the disturbance in the Significant Tropical Weather Advisory.

132000Z - A Tropical Cyclone Formation Alert was issued as a result of increased convection and con-
vective curvature.

1418007 - The first warning was issued based on a satellite intensity estimate of 25 kt (13 m/sec).
150600Z - Based on satellite intensity estimates of 35 kt (18 m/sec), Becky was upgraded to a tropical
storm, as it approached Luzon.

161800Z ‘With the development of a 13 nm (24 km) cloud-filled eye and a satellite intensity estimate of
65 kt (33 m/sec), Becky was briefly upgraded to typhoon intensity.

171800Z - The final warning was issued on Becky as it dissipated over southern China, southwest of
Hong Kong.

1. IMPACT

Seven deaths and 60 people reported missing near Hong Kong were attributed to the passage of
Becky.

September visual DMSP imagery.)
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TYPHGON CECIL (23W)

I. HIGHLIGHTS

The fourth significant tropical cyclone to develop during September, Cecil, briefly threatened the
Mariana Islands before turning to the northwest and ultimately recurving away from any populated ' ’
areas. '

II. CHRONOLOGY OF EVENTS

Septernber

200600Z - An area of persistent convection within an extended monsoon trough west of Kwajalein in
the Marshall Islands resulted in the first mention of the disturbance in the Significant Tropical Weather
Advisory.

210600Z - A Tropical Cyclone Formation Alert (TCFA) was issued based on an increase in convection
and convective curvature.

220530Z - A further consolidation of convection near the circulation center and a westerly wind burst
led to the issuance of a second TCFA.

221800Z - The first warning was issued based on a satellite intensity estimate of 25 kt (13 m/sec) while
the depression was located east of Guam.

230000Z - As a result of continued development of convective curvature and a satellite intensity esti-
mate of 35 kt (18 m/sec), Cecil was upgraded to tropical storm intensity. Post-storm analysis indicated
that Cecil actually reached tropical storm intensity about twelve hours later.

241800Z - In response 10 a sateilite intensity estimate of 65 kt (33 m/sec), Cecil was upgraded to
typhoon intenaity.

271800Z - The final warning was issued on Cecil as it transitioned into an extratropical low.

III. IMPACT
Convection associated with a monsoon surge flowing into Cecil brought badly needed rainfall to
Guam as the water level in Guam's Fena Reservoir rose nearly 10 feet (3 m) (Figure 3-23-1).
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SAIPAN

P

Figure 3-23-1 Although the cloud-filled eye of Typhoon Cecil is located 250 nm (465 km) to the north of Saipan, bands
of deep convection are bringing heavy rains to the southern islands of the Matianas (242331Z September visual GMS
imagery).
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TYPHOON DOT (24W)

Figure 3-24.1 The eye of Dot, which is located southwest
of Hong Kong, is visible in the moonlight. The city lights
of Hanoi and Manila can also be seen (2513217 September
righttime visual CMSP imagery).

I. HIGHLIGHTS

Initially forming in the Philippine Sea, Dot slowly
consolidated as it moved swiftly across Luzon. In the
South China Sea, weak steering flow allowed Dot to
slow to about 2 kt (1 m/sec), and intensify from a tropi-
cal depression to a typhoon. Moving erratically to the
north, Dot eventually made landfall over southern
China, near Hong Kong (Figure 3-24-1).

Il. CHRONOLOGY OF EVENTS

September

180600Z - An area of persistent convection within the
monsoon trough, north of Palau, resulted in the first
mention of the disturbance in the Significant Tropical
Weather Advisory.

191900Z - A Tropical Cyclone Formation Alert (TCFA)
was issued following an increase in convection near the
circulation center.

201900Z - A second TCFA was issued after the distur-
bance crossed Luzon with it’s convective organization
weakened but intact.

211900Z - The second TCFA was canceled due to
decreased convective organization.

230000Z - The first warning was issued, without a
TCFA in effect, based upon a synoptic report of 25 kt
(13 m/sec) near the circulation center.

241200Z- Based upon improved convective organization and a satellite intensity estimate of 35 kt (18
m/sec), Dot was upgraded to tropical storm intensity.

2506002 - Following the development of a 25 nm (46 km) cloud filled banding-type eye and a satellite
intensity estimate of 65 kt (33 m/sec), Dot was upgraded to typhoon intensity.

270600Z - The final warning was issued on Dot as it dissipaced in southern China.

. IMPACT

News reports stated that seven people were rescued and one person was still missing one day after
Dot sunk their fishing vessel near Hong Kong. In addition, with the exception of the international air-
pon, all public transportation in Hong Kong was either curtailed or suspended.
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SUPER TYPHOON ED (25W)
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Figure 3-25-1 On the satellite imagery, a small eye becomes visible shortly after Ed reaches typhoon intens ity (020031Z October visual
GMS imagery).

I. HIGHLIGHTS

The second tropical cyclone to threaten the Mariana Islands within a week, Ed, passed directly
over the NEXRAD Doppler weather radar on Guam. Initially forming in the Caroline Islands, Ed steadi-
ly developed from a tropical depression to super typhoon intensity withi five days. During its intensi-
fication from a typhoon to a super typhoon, Ed possessed a small eye (Figure 3-25-1). During most of
Ed’s lifetime, it underwent binary interaction with Typhoon Flo (26W).

II. CHRONOLOGY OF EVENTS

September

270600Z - An area of persistent convection within the mousoon trough near Chuuk, in the eastern
Caroline Islands, resulted in the first mention of the disturbance in the Significant Tropical Weather
Advisory.

290600Z - A Tropical Cyclone Formation Alert was issued following an increase in convection near an
exposed low-level circulation center.

300000Z - The first warning was issued based upon increased convective curvature and a satellite inten-
sity estimate of 25 kt (13 m/sec).
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301800Z - Based upon a satellite intensity estimate of 45 kt (23 m/sec), Ed was upgraded to a tropical
storm.
Octoher
011200Z - The appearance of a warm spot in the cold CDO and the resulting satellite intensity estimate
of 65 kt (33 m/sec) prompted JTWC to upgrade Ed to a typhoon.
040000Z - A small eye deeply embedded in the CDO and a satellite intensity estimate of 127 kt (65

N m/sec) led JTWC to upgrade Ed to a super typhocn.
080600Z - The final warning was issued on Ed .ss it transitioned into an extratropical low well to the
east of Japan.

III. IMPACT

Ed brought badly needed heavy rainfall to Guam which resulted in some localized flooding on
the island. A peak guast of 53 kt (27 m/sec) was reported at Andersen AFB as the tropical storm passed
directly over Guam.

IV. DISCUSSION

a) NEXRAD — The passage of Ed’s center over northern Guam, just after it had intensified to a
tropical storm, resulted in the first-ever direct passage of a tropical cyclone over a NEXRAD Doppler
weather radar. Guam’s NEXRAD played a key role in short-term local forecasts as Ed approached the
island. About 12 hours prior to landfall on Guam, the velocity dipole, or couplet, associated with the
tightly curved wind flow around the small central calm area, became evident on the radial velocity prod-
uct (RVP) generated by the NEXRAD. Three hours prior to landfall, it became evident from the
NEXRAD fixes that Ed’s center would pass directly over northern Guam. The RVP showed a small
area of gales with an cmbedded peak velocity of 50 kt (26 m/sec) moving steadily towards the north end
of Guam (Figure 3-25-2). Forecasters at Andersen Air Force Base, used this information to give what

_ would turn out to be a very accurate short-range forecast of a brief period of gales with maximum gusts
T to 50 kt (26 m/sec). Andersen experienced gale-force sustained winds for about a half an hour (from
G 301230Z to 301300Z September) (Figure 3-25-2d). Wind gusts to 50 kt (26 m/sec) occurred for 10
' minutes (1240Z to 1250Z) with a peak gust to 53 kt (27 m/sec) at 1242Z. The light wind core of Ed,

during its passage over Guam, is herein referred to as an “eye”; the quotation marks indicating that it
did not have an eye in the conventional sense of a central core — free of deep cloud -~ encircled at least
50% by a wall of tali cuamulonimbus cloud. Abruptly, at 1300Z, the winds dropped to 10-15 kt (5-8
m/sec) as the “eye” of Ed passed just to the south of Andersen. These light winds lasted for about 15
minutes as the wind direction veered quickly from 030 degrees to 140 degrees. After the “eye” passage
at Andersen, the wind speed increased to 25-30 kt (13-15 m/sec) with gusts to 35 kt (18 m/sec).

The structure of Ed as it passed over Guam, as revealed by the NEXRAD and from eyewitness
reports, was very similar to that of a mature iropical cyclone — even though Ed had only just achieved
minimal tropical storm intensity. It had a very small “‘eye” as revealed by the reflectivity pattern (see
cover illustration), and its highest winds were packed very tightly along the northern periphery of the
“eye”. Also, the satellite image at this time showed that Ed possessed a curved band type cloud struc-
ture; which, using the Dvorak satellite intensity technique yielded 35 kt (18 my/sec). Nevertheless, the
radar reflectivity, the radar Doppler velocity, and the recorded wind and pressure during Ed’s passage
over Guam all revealed a structure very much like that of a mature tropical cyclone.

The NEXRAD can process its reflectivity data through an algorithm to estimate rainfall rates, which
are presented as 1-hour, 3-hour or storm total precipitation products. NEXRAD estimates of storm total
113
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Figure 3.25-2 Radial velocities detected by the NEXRAD Doppler radar as Ed approached Guam: a) Nustration of the radial

velocity display for  301032Z, b) 301131Z, ¢) 301252Z September, and d) the anemometer chart from Andersen AFB (WMO

91218) during the period (301200Z - 301300Z) which includes the gales preceding Ed's landfall. In panels a), b) and ¢), the outer

contour encloses values 2 26 kt (13 m/sec), shaded area > 36 kt (19 m/sec), and black areas indicate 2 50 kt (25 m/sec). The black

dot locates the NEXRAD. Arrows indicate radial velocities as inbound or outbound with respect 1o the radar. Ed’s circulation cen-

ter is indicated by the x.
precipitation during Ed’s passage over Guam (Figure 3-25-3a) were about 50% less than the rainfall
actually measured by rain gauges on Guam (Figure 3-25-3b). The gradients of the NEXRAD iategrated
rainfall agreed with the relative magnitudes of the rainfall at the rain gavges: driest in the northeast of
Guam and wettest on the west and southwest of Guam. The large observed error of total integrated rain-
fall may be due to the algorithm, developed for convective precipitation over the U.S. mainland, brief
system outages, or an as yet unknown factor.

b) Binary interaction with Typhoon Flo (26W) -— For most of Ed’s lifetime it was in close prox-
imity to Typhoon Flo. At their closest p~int of approach, Ed and Flo were separated by only 670 nm
(1240 km) (Figure 3-25-4a and b); well within the 780 nm (1445 km) separation noted by Brand (1970)
for cyclone binary interaction. The centroid-relative motion of Ed and Flo (Figure 3-25-4b) exhibired
some of the features common to interacting tropical cyclones, see Lander and Holland (1993) (Figure 3-
25-4c). For two days (300000Z Septermber to 020000Z October), as both Ed and Flo moved steadily
west-northwestward, they remained almost stationary with respect to the centroid-relative reference
frame. At 0212002, the two storms had begun a fairly steady cyclonic orbit and gradually closed to
within 670 nm (1240 km) at 040000Z. Coincident with the start of the cyclonic orbit on the 2 October,
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Figure 3-25-3 Total precipitation for Ed's passage over Guam: a)
Storm total precipitation estimates from the NEXRAD for the period
282054Z September to 011504Z October. Shaded region = 2 2 inch-
es (50 mm), black areas 2 3 inches (75 mm). Star locates the

NEXRAD. (b) Storm 1otal precipitation mzasurements from rain
gauges for the same period.

Figure 3-25-4 Binary interaction between Ed and Flo (26W): a)
Tracks of Ed and Flo, b) Centroid-relative motion. Circle diameter
= 600 nm (1110 km), dots = 12-hour time steps, and dates of 0000Z
positions are indicated by 2-digit numbers. (c) Model of binary
interaction between two tropical cyclones.

Ed tumed a little more to the north and increased it’s speed of motion, while Flo slowed its forward
speed and turned to follow an unusual west-southwesterly track. The cyclonic orbit ended abruptly at
060000Z as Flo recurved and followed Ed into the midlatitudes on an accelerating northeasterly track.
After recurvature, Ed and Flo remained almost stationary in the centroid-relative reference frame.
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TYPHOON FLO (26W)

ey

Figure 3-26-1 With the low-level most probably overi.nd and without any central convection, Flo begins its rapid accelera-
tion to the northeast in tandem with Ed (25W) (060640Z October infrared DMSP imagery).

I. HIGHLIGHTS

Forming in the Philippine Sea west Ed (25W), Flo was notable for its binary interaction with Ed.
An unanticipated stall, sharp recurvature west of Luzon, and rapid acceleration to the northeast resulted
in forecast errors which were the largest of 1993,

II. CHRONOLOGY OF EVENTS

September

280600Z - The disturbance was first mentioned in the Significant Tropical Weather Advisory as a per-
sistent area of convection located within the monsooa trough in the Philippine Sea.

301900Z - Increased deep convection around the well defined low-level circulation center led to
issuance of a Tropical Cyclone Formation Alert.

October

011200Z - The first warning was based on a satellite Intensity estimate of 25 kt (13 m/sec).

020000Z - Flo was upgraded to a tropical storm based on the formation of a ragged CDO and resulting
satellite intensity estimate of 35 kt (17 m/sec).

031800Z - The appearance of eye and satellite intensity estimate of 65 kt (33 m/sec) led JTWC to
upgrade Flo to a typhoon.
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051200Z - Flo unexpectedly recurved, striking Luzon from the west, and afterward, accelerated rapidly
toward the northeast.

081800Z - The final warning was issued on Flo as it transitioned into an extratropical low.

M. 1 PACT

Torrential rains associated with Flo caused widespread flooding across the island of Luzon in the
Philippines. Press reports indicated that at least 50 people were killed or missing, and over 300,000
were evacuated to higher ground. The accelerated motion of Flo, after recurving, to an average speed of
46 kt (85 km/hr) resulted in winds of up to 65 kt (33 m/sec) in the dangerous semicircle. The USS
Independence battle group was caught in the dangerous semicircle.

IV. DISCUSSION

A binary interaction occurred between Ed and Flo and appears in the preceding write up on Super
Typhoon Ed (25W). With regard to forecast errors, Flo generated the largest 72-hour forecast error —
1732 nm (154 km) — of the year. Flo's stall, loss of central convection (Figure 3-26-1), recurvature and
subsequent rapid acceleration compounded the forecasting problem. Objective gnidance, including the
dynamic models, had difficulty handling the track changes. As these events occurred, forecasters indi-
cated low confidence in their forecasts.
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TROPICAL STORM GENE (27W)

&

Figure 3-27-1 Cloud lines outline the exposed low-level circulation center of Gene about
12 hours before it was upgraded w wopical storm intensity (080424Z October visible
DMSP imagery).

I. HIGHLIGHTS

Occurring during a multiple storm outbreak that included Super Typhoon Ed (25W), Typhoon
Flo (26W), and Tropical Depression 28W), Gene was the first of five significant tropical cyclones to
form during October. During a four-day evolution, Gene slowly transitioned from a wave in the easter-
lies into 4 tropical depression, while passing south of Guam. Briefly attaining tropical storm intensity,
Gene (Figure 3-27-1) followed a northward track, and ultimately dissipated over water, east of
Okinawa.

II. CHRONOLGOGY OF EVENTS

October

020600Z - An area of persistent convection, associated with a wave in the easterlies south of the
Caroline Islands, resulted in the first discussion of the disturbance in the Significant Tropical Weather
Advisory.

021930Z - Increased convective organization led to the issuance of a Tropical Cyclone Formation Alert
(TCFA).

031930Z -A decrease in convection during the TCFA, led to its cancellation.

052000Z - Increased convection near the circulation center, prompted the issuance of a second TCFA.
061800Z - The first warning was issued based on a satellite intensity estimate of 25 kt (13 mysec).
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(CR1800Z - Despite strong persistent upper level wind shear, Gene was upgraded to tropical storm inten-
sity based on a satellite intensity estimate of 35 kt (18 m/sec).

100600Z - The final warning was issued on Gene as it dissipated over water east of Okinawa.

HI. MPACT
None.

121




[+
%
-]

QINSSI ONINIVM LSV
aanssI ONINGVYM LSALL
JOVLS ONLLVJISSIA
TVOIldO¥LENS
TVIOIdOAYLVILXE

QN3 NOOHJAL ¥3dNS
LAV.LS NOOHdAL 43dNS

-~ NOOHdAL

WIOLS TVIIdOAL
NOISSTdd3d TvOIdOdL
FONVEINLSIA T¥IIdOdL
Z0000/XX LY NOLLISOd
(1)) XALISNZLINI

Q) INGIWTAON 40 aF34S
NOILLISOd MOVl 1534 4H-9

aN3931

QaLVYINTOTY

ViDL Puz
coupd,
i

790/t

H SE1

(113§

14

0¢1

ST1

Z71/£11

01

]

S1

0T

qINZ001 4TS WNWININ

LAST ANIM 248 XVIN
€6 VI 70-94d LT

M82-0L JNOVIL LS3d

' M8¢ NO! STUdAA TVIIJOYL

011

STN
1

122




TROPICAL DEPRESSION 28W

K

- TN + )

| | Sy b il
Figure 3-28-1 The exposed low-level circulation center of TD 28W is visible to the east of fost
of the deep convection associated with the depression subsided after crossing Luzon 12 1lier

(080424Z October visual DMSP imagery).

I. HIGHLIGHTS

Caught in strong monsoonal flow, Tropical Depression 28W (TD 28W) initially moved northeast-
ward toward Luzon, in the wake of Super Typhoon Ed (25W) and Typhoon Flo (26W). Persistent, yet
weak, TD 28W remained at tropical depression intensity while crossing Luzon and moving into the
Philippine Sea where it dissipated 24 hours later (Figure 3-28-1). After the remnants of TD 28W turned
northwestward on 10 October, the tropical cyclone regenerated. TD 28W made landfall just to the west
of Hong Kong and dissipated in southern China.

II. CHRONOLOGY OF EVENTS

October

060600Z - An area of persistent convection within the monsoon trough, near the Vietnam coastline,
resuited in the first discussion of the disturbance in the Significant Tropical Weather Advisory.

0620007 - A Tropical Cyclone Formation Alert (TCFA) was issued based on an increase in convection
near the circulation center.

070600Z - The first warning was issued on TD 28W based upon a satellite intensity estimate of 25 kt
(13 m/sec).

090000Z - The first final warning was issued as the system dissipated over water, leaving behind a dif-
fuse, low-level circulation center.
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120200Z - A second TCFA was issued following flare-ups of intermittent deep convection over the low
level circulation center.

120600Z - Warnings were reissued as convective organization improved while the system tracked
toward Hong Kong.

131200Z - The final warning of the regenerated system was issued as the system quickly dissipated after
passing over land in the vicinity of Hong Kong.

III. iMPACT
None.
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TROPICAL STORM HATTIE (29W)

w

.-N

- R, Iin, LT SERIE
Figure 3-29-1 An outline of the U.S. mainland superimposed (to-scale) upon an infrared image of Hattie (220030Z October
infrared GMS imagery).

I. HIGHLIGHTS

Hattie started as a large monsoon depression. Five Tropical Cyclone Formation Alerts were
issued — three by the Central Pacific Hurricane Center (CPHC) and two by the JTWC — before the
first warning was issued. The system was unique because of its cloud structure: a large 100-160 nm
(200-300 km) diameter central area remained relatively cloud-free while convective cloud clusters were
peppered throughout the periphery of the circulation in an area equal in size to the continental United
States (see Figure 3-29-1).

II. CHRONOLOGY OF EVENTS

October

160€00Z - The tropical disturbance was first mentioned of the in the Significant Tropical Weuther
Advisory as a region of loosely organized convection associated with a large monsoon depression near
the international date line.

171630Z - The first TWC Tropical Cyclone Formation Alert (TCFA) issued was based upon an
increase in convection and improved convective curvature.
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181630Z - A second TCFA (fifth overall) followed after the system failed to intensify.

190600Z - The first warning was issued based upon numerous synoptic reports of 25 kt (13 m/sec) in a

peripheral wind band encircling a large light-wind core.

201800Z - The upgrade to a tropical storm was based upon surface synoptic reports of winds up to 3.

kt(13 m/sec) within the peripheral wind band. e
250000Z - The final warning was issued on Hattie as it transitioned into an extratropical low. ‘

III. IMPACT
The island of Pohnpei in the castern Caroline Islands reported minor damage to vegetation and
structures.

IV. DISCUSSION

From a diagnostic standpoint, Hattie was one of the most problematical tropical cyclones of
1993. Hattie evolved from a large monsoon depression which formed in the Marshall Islands during
mid-October. A “monsoon depression™ is distinguished from other types of tropical cyclones by the fol-
lowing characteristics (see also the definition in Appendix A):

1) alarge-sized depression in the surface pressure ficld with a radius of the outermost closed isobar
(ROCI) en the order of 300G nm (555 km);

2) extensive amounts of convective cloud elements loosely organized within the confines of the
cyclonic vortex; however, the circulation center lacks a persistent convective feature that would lend
itself to the Dvorak intensity analysis technique; and,

3) a wind field that featires a large, 100-160 nm (200-3(0) km) diameter, light-wind core which 1s
surrounded wholly, or in part, by bands of higher, 25-35 kt (13-18 m/sec) wind.

The monsoon depression which became Tropical Storm Hattie was large; a composite chart of / |
its sea-level pressure was constructed frem surface observations taken during the period 1812007 to ‘
200000Z Gctober (Figure 3-29-2). The ROCI during the composite period was 430 nm (800 km) north-
south and 755 nm (1400 km) east-west. The cloud field associated with Hattie during the composite
period exhibited a large core region which was relatively cloud free surrounded by extensive clusters
and bands of deep cumulonimbus clouds. The stiucture of the wind field at this time featured a large
core of reiatively light wind (which was collocated with the relatively cloud-free core in the satellite
image) surrounded by an extensive area of 25-30 kt (13-15 m/sec) wind outward for up to 540 nm (1000
km) clockwise from northwest to southwest.

Hattie presented two diagnostic problems to the JTWC. The first problem was that since 1t
lacked persistent central convection, and the Dvorak technique for the estimation of fropical cyclone
intensity from satellite imagery does not apply. Attempts were made, however, to apply the technique
to one of several of Hattie’s persistent peripheral _ioud clusters. Finally, however, as Hattie turned
northward, a distinct and centrally located low-level circulation center became apparent (Figure 3-29-3),
and the Dvorak technique applied.

The second diagnostic problem was determining whether the disturbance (which was to become
Hattie) was a monsoon depression or a monsoon gyre (see Appendix A for complete definitions of these
terms and Figure 3-29-4). As a monsoon depression, the disturbance would be expected to evolve even-
tually into a conventional, but large, tropical cyclone. As a monsoon gyre, the disturbance would be
expected to evolve into a large “fish-hook” shaped cloud band which would produce a series of small
tropical cyclones. In retrospect, the option to go with the synoptic pattern as a monscon depression was
correct.

-y |
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Figure 3-29-2 Isobaric an:'ysis of the sea-level pressure constructed from a composite of observations plotted with respect to the
moving center of Hattie (large star), Contour interval is 2 mb, and data are for 181200Z - 200000Z.

In summary, the Dvorak technique shouldn’t be applied to monsoon depressions. For the pre-
sent, the intensity and areal extent of the peripheral winds must be obtained rrom conventional synoptic
data or from cloud-drift winds. A Dvorak-type technique could be developed to address intensity esti-
mation and wind distribution in the monsoon depression. Other spectral windows than the visual and
infrared, such as the SSM/1, may be exploited. The differential diagnosis between “‘monsoon depres-
sion” and “monsoon gyre” is important for its forecast implications; and, in the case of Hattie, a careful
analysis of the structural characteristics led to a useful diagnosis of the pre-Hattie disturbance as a mon-
soon depression.




Figure 3-29-3 Hattie's exposed low-level circulation center (LLCC) appears between two areas of extensive convective
cloudiness (220031Z October multispectral visual/infrared GMS imagery).
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MONSOON DEPRESSION

MONSOON GYRE

Figure 3-29-4 Schematic illustration of the distribution of deep convective cloud and cirrus in: a) & monsoon depression, and b) a
monsoon gyre. Black areas represent deep convection, and filaments indicate orientation of cirrus plumes. Circle enclosed area
of lowest sca-level pressure and has a diameter of approximately 600 nm (1110 km). The black dot is the low-level circulation
center.
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TYPHOON IRA (30W)

L S . .

m/sec) (010121Z November visible DMSP imagery).

I. HIGHLIGHTS

The final tropical cyclone to form during October, Ira, passed directly over Luzon at typhoon
intensity and followed a westward track (Figure 3-30-1). Upon entering the South China Sea, a weaker
Ira turned toward southern China and made landfall three days later southwest of Hong Kong.

II. CHRONOLOGY OF EVENTS

October

250600Z - An area of persistent convection associated with a weak cyclonic circulation within the mon-
soon trough, north of the Caroline Islands, resulted in the initial identification of the disturbance in the
Significant Tropical Weather Advisory.

2712007 - A Tropical Cyclone Formation Alert was issued based on an increase in convection and con-
vective curvature, evident in both infrared satellite imagery and on the NEXRAD Doppler Radar locat-
ed on Guam.

271800Z - The basis of thefirst warning was a satellite intensity estimate of 25 kt (13 m/sec) and
Doppler radar velocity information which indicated winds ranging from 22-30 kt (11-15 m/sec) at alti-
tudes of 1560 to 16,000 feet (460 to 4900 meters) above sea level.
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281200Z - Based on a satellite intensity estimate of 35 kt (18 m/sec), Ira was upgraded to a tropical
storm.

300000Z - Ira was upgraded to a typhoon based on a satellite intensity estimate of 77 kt (40m/sec).
November

050000Z - The final warning was issued after the system made landfall in southern China where it
rapidly dissipated.

1. IMPACT

News reports attributed eight deaths in the Philippines to Typhoon Ira's trek across central

Luzon. In addition, heavy rains associated with the typhoon also caused extensive flooding in low-lying
areas of Luzon.
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Figure 3-31-1 Still maintaining tropical storm intensity, Jeana begins to weaken as its low-level circulation becomes partially exposed
(100531Z November visual GMS imagery).

1. HIGHLIGHTS

The first of four significant tropical cyclones to form during November, Tropical Storm Jeana
reached its peak intensity at recurvature and dissipated (Figure 3-31-1). The NEXRAD Doppler radar
was instrumental in tracking Jeana during its formative stages near and over Guam.
Il. CHRONOLOGY OF EVENTS
November
022300Z - An area of persistent convection within the monsoon trough and near Kwajalein resulted in
the first discussion of the disturbance in the Significant Tropical Weather Advisory.
041100Z - A Tropical Cyclone Formation Alert was issued after convection, consolidated near the cir-
culation center.
050000Z - The first warning was issued on Tropical Depression 31W based on increased convective
curvature and the first daylight visual satellite imagery which indicated an intensity of 25 kt (13 m/sec
060000Z - Based on a satellite intensity estimate of 30 kt (15 m/sec) and the occurrence of intense con
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vection near the circulation center, Jeana was upgraded to a tropical storm. Post-analysis of synoptic and
satellite data indicates that Jeana more likely became a tropical storm at 081200Z.

120600Z - The final warning was issued on Jeana as it dissipated over water northwest of the Mariana
Islands.

1. IMPACT
None.
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TROPICAL DEPRESSION 32W

Figure 3-32-1 The remnants of TD 32W move into the southern Philippine Islands (182330Z November visual GMS
imagery).

I. HIGHLIGHTS
Forming in the monsoon trough east of the international date line, Tropical Depression 32W was
short-lived as a significant tropical cyclone despite going through a long consolidation stage. The weak,

yet persistent disturbance required four Tropical Cyclone Formation Alerts before the first tropical
depression warning was finally required.

I. CHRONOLOGY OF EVENTS

November

130600Z - An area of persistent convection within the monsoon trough resulted in the initial identifica-
tion of the disturbance in the Significant Tropical Weather Advisory.

140000Z - A Tropical Cyclone Formation Alert (TCFA) was issued based on improved convective cur-
vature and organization.

141400Z - The TCFA was reissued based upon a satellite position fix which indicated the system center
had reorganizedto the south.

151400Z - The TCFA was canceled after all the deep convection associated with the circulation center
had dissipated.
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161630Z - A third TCFA was issued following a rapid increase in convective organization as the distur-
bance tracked westward towards the Philippines.

171630Z - The fourth TCFA was issued once the areal extent of convection increased and organization
had slowly improved.

180000Z - The first warning was issued based on visible satellite imagery which indicated that the
depression had a well-defined, although exposed, low level circulation center and an estimated intensity
of 25 kt (13 m/sec).

190000Z - The final warning reflected the system's dissipation after its passage over Mindanao (Figure
3-32-1).

III. IMPACT
None.
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TROPICAL DEPRESSION 33W

rigure 3-33-1 The only deep convection associated with TD 33W remains to the east of the
exposed low-level circulation (1822307 November visual GMS imagery).

I. HIGHLIGHTS

The third wopical cyclone to form during November, Tropical Depression 33W (TD 33W) was
another short-lived system which formed at nearly the same iime as TD 32W. Development of depres-
sion was hampered by persistent vertical wind shear (Figure 3-33-1). TD 33W, was in warning status
for only 18 hours.

II. CHRONOLOGY OF EVENTS

November

120600Z - An area of persistent convection within the monsoon trough andeast of Majuro in the
Marshall Islands resulted in the first discussior: of the disturbance in the Significant Tropical Weather
Advisory.

171130Z - Issuance of a Tropica! Cyclone Formation Alert was issued reflected the prescence of
increased convective organization.

180600Z - The first warning was issued based on improved convective curvature and a satellite intensi-
ty estimate of 25 kt (13 m/sec). s
190600Z - The final warning was issued on TD 33W as it dissipated over water.

III. IMPACT
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TYPHOON KYLE (34W)

iR f £ MANILA _i -P“' :
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Figure 3-34-1 Over the warm waters of the South China Sea, Kyle rapidly approaches typhoon
intensity (220530Z November visual GMS imagery).

I. HIGHLIGHTS

Initially developing from a monsoon depression, Typhoon Kyle was the only one of three signif-
icant tropical cyclones that formed during November to reach typhoon intensity. It developed rapidly
near Palar, then slowly intensified while crossing the Philippines. Upon entering the South China Sea,
Kyle quickly intensified (Figue 3-34-1) into a typhoon, and reached a peak intensity of 95 kt (49 m/sec)
prior to landfall in central Vietnam.

1. CHRONOLOGY OF EVENTS

November

190600Z - An area of persistent convection associated with a monsoon depression resulted in the first
mention of the disturbance in the Significant Tropical Weather Advisory.

191200Z - The first warning, based on a satellite intensity estimate of 30 kt (15 m/sec), was issued with-
out a Tropical Cyclone Formation Alert in effect.

19180 " - The appearance of tighter convective curvature and a satellite intensity estimate of 35 kt (18
m/sec), ied to Kyle's upgrad to a tropical storm.

221200Z - The development of an elongated eye and a satellite intensity estimate of 77 kt (40 m/sec),
prompted forecasters to upgrade Kyle to a typhoon.
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240000Z - The final warning was issued on Kyle as it was dissipating near the Cambodia-Thailand bor-
der.

1. MPACT

News sources irdicated that Kyle was responsible for 106 deaths occurred and 59 missing peo-
ple in four southern Vietnamese provinces. In addition, damage to fisheries, agriculture, and infrastruc-
ture in Vietnam was estimated at (US)$1.5 million.
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TYPHOON LOLA (35W)

Figure 3-35-1 Lola with a 20 nm (35 km) diameter eye approaches southem Luzon

(0512307, December visual GMS imagery.)
I. HIGHLIGHTS

Forming in an active near equatorial trough that ultimately produced three late-season typhoons,

Lola slowly intensified to 80 kt (41 m/sec) before crossing the heavily populated Bicol region of south-
ern Luzon (Figure 3-35-1). After killing hundreds of people and displacing more than half-a-million,
the typhoon headed toward the southwest, tracir g a sinusoidal path across the South China Sea. Lola
rapidly reintensified over the South China Sea before moving over southern Vietnam.

[I. CHRONOLOGY OF EVENTS

November

270600Z - .in isolated area of persistent convection near the western Marshall Islands resulted in the

first discussion of the disturbance in the Significant Tropical Weather Advisory.

December

010400Z - A TCFA was issued based on a consolidation of convection niear the circulation center.

011900Z - A second TCFA was issued when the disturbance accelerated and moved out of the original

TCFA area.

020000Z - The first warning was based on increased convective organization and a satellite intensity

estimate of 30 kt (15 m/sec).

0300007 - As a result of a satellite intensity estimate of 45 kt (23 m/sec), Lola was upgraded to a tropi-
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cal storm. Post analysis of synoptic and satellite data indicate that Lola probably attained tropical storm
intensity at 021800Z.
040600Z - The appearance of an eye and a satellite intensity estimate of 65 kt (33 m/sec) led forecasters
to upgrade Lola to a typhoon.
080000Z - After weakening over the Philippines and reintensifying in the South China Sea, L.ola was
upgraded to typhoon a second time based on a satellite intensity estimate of 65 kt (33 m/sec).

. 090600Z - The final warning for Lola was issued as it was rapidly dissipating over Vietnam.

III. IMPACT
In the Philippines, Lola killed over 230 people and forced more tnan 583,000 to flec their homes in
the heavily populated Bicol region of southern Luzon near the city of Legazpi.
In southern Vietnam, the death toll was 78 with another 78 people reported missing. The region

also suffered heavy agricultural losses with at least 40,000 acres of corn and 27,000 acres of rice
destroyed.

AN
N A
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TYPHOOMN MANNY (36W)

I. HIGHLIGHTS ¥
The second of three typhoons to form in a very active near equatorial trough in December, .

Manny developed in the eastern Caroline Islands. After moving rapidly westward into the Philippine ~

Sea, the tropical cyclone slowed and executed a cyclonic loop before tracking southwestward towards ’

the Philippine Islands. Rapid intensification occurred as Manny approached the Philippine Islands.

Once in the South China Sea, Manny, influenced by shear from the Asian northeast monsoon, weak-

ened and meandered west-southwestward until it dissipated over the Malay Peninsula. Typhoon

Manny was the 19th significant tropical cyclone of 1993 to directly affect the Philippines, and followed :

a track almost identical to that of Typhoon Pamela in 1982. s

II. CHRONOLOGY OF EVENTS

December

020600Z - Typhoon Manny was first mentioned in the Significant Tropical Weather Advisory as an area
of persistent convection within the near equatorial trough east of Pohnpei in the Caroline Islands.
030300Z - Increased convective organization and regional 24-hour pressure falls of 2 to 2.5 mb led to
the issuance of a Tropical Cyclone Formation Alert.

030600Z - The first warning on Manny resulted from the combination of improved convective curva-
ture, a satellite intensity estimate of 25 kt (13 m/sec), and surface synoptic data from the Caroline
Islands which indicated that a closed low-level circulation was present.

041800Z - Manny was upgraded to tropical storm intensity based on a satellite intensity estimate of 45
kt (23 my/sec). Post analysis indicates that Manny most likely attained tropical storm intensity almost
six hours earlier.

080000Z - The appearance of an eye and a satellite intensity estimate of 65 kt (33 m/sec) to an upgrade
to typhoon intensity.

151200Z - Final warning was issued on Manny as it was dissipating over the Malay Peninsula.

1. IMPACT

On Yap (WMO 91413), Manny produced sustained winds of 38 kt (20 m/sec) with gusts to 47 kt
(24 my/sec), resulting in some minor damage to banana trees, but not to structures. The tropical storm
dropped 6.45 inches (165 mm) of rain on the Island. During the early morning hours of 10 December in
the Philippine Islands, the typhoon swept across Samar killing at least eight people. This was only 75
nm (139 km) south of where Typhoon Lola (35W) had passed a week earlier, killing at least 230 people
and forcing 583,000 to flee their homes.

IV. DISCUSSION

There are two interesting aspects of Manny: its track in the Philippine Sea was virtually identical
to that of another typhoon, Pamela (December 1982); and, its rapid intensification while on a southwest-
erly track.

a. Clockwise loop in the Philippine Sea — On 7 December, Manny (Figure 3-36-1) entered a
clockwise loop that took two days to complete. While Manny's motion was unusual, it was not unprece-
dented, and, in fact, has a near-perfect analog. Figure 3-36-2 compares the track of Manny with that of
Typhoon Pamela (1982). Both typhoons performed a clockwise loop approximately 100 nm (185 km)
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Figure 3-36-1 Approaching typhoon intensity, Manny begins to execute a clockwise loop in the
Philippirne Sea (070530Z December visual GMS imagery).

in diameter, tracked to the southwest and intensified.

b. Southwestward Track and Intensification — In tropical latitudes, tropical cyclones normally
move in a direction north of west. Southwestward, tracks while not common, do occur with regularity.
There are at least six distinct synoptic patterns that can cause a tropical cyclone to take a prolonged (24
hours or more) southwestward track. Four of these basic synoptic patterns are illustrated in Figure 3-36-
3. The first synoptic pattern is the monsoon gyre (Figure 3-36-3a) described by Lander (1994). The
second pattern, a surge in the northeast monsoon (Fig. 3-36-3b), occurs in the extreme western North
Pacific and South China Sea from October through March. In this case, intensification is either short-
lived or does not occur. The third pattern, induced ridging in low latitudes (Fig. 3-36-3c), may be asso-
ciated with the reverse-oriented monsoon trough. The fourth pattern, dynamic ridging (Fig. 3-36-3d), is
characterized by the subtropical ridge expanding. This expansion forces a tropical cylone to the south-
west if the expansion is toward the southeast. Prior to the expansion a storm may respond to synoptic
patterns that cause “stepping” and “looping” as identified by Sandgathe {1987). Although similar to the
northeast monsoon pattern, tropical cyclones in the dynamic ridge pattern are less likely to weaken, and
may even intensify significantly. The fifth and sixth synoptic patterns (not illustrated) are: southwest-
ward motion associated with binary interaction, and tropical cyclones (usually TUTT-induced) thet
develop in the trade winds between the axes of the monsoon trough and the subtropical ridge. Of the six
synoptic patterns, the dynamic ridge pattern (Figure 3-36-3d) applies to the movement of Manny while
it was in the Philippine Sea.
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depicted by large circles connected by solid lines and
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by smail numbers.
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Figure 3-36-3 Primary synoptic patterns that cause tropical cyclones to move on a prolonged southwestward track: (a)
Monsoon gyre, (b) northeast monsoon surge, (c) Induced ridging in low latitudes, and (d) dynamic ridging. Tropical cyclone
track is depicted by circles connected by solid lines. Tropical storm intensities are designated by an open circle, typhoon inten-
sities by filled circle. The 28 Isopleths in panel b means 1028 mb and numbers in panel d (1,2,3 and 4) indicate sequental daily
movement.
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TYPHOON NELL (37W)

OV, 120

rigure 3-37-1 ‘I'yphoon Nell at peak intensity near Mindanao close to ¢
time of landfall (260132Z December visual GMS imagery).

I. HIGHLIGHTS

The final tropical cyclone of the 1993 season, Typhoon Nell, developed scuth of Pobnpei in an
active near equatorial trough. Embedded in a high vertical shear environment, Nell developed slowly
while tracking wesiward through the Caroline Islands. Intensifying 1o typhoon sitength before crossing
the Philippines (Figure 3-37-1), Nell maintained typhoon intensity while crossing the islands. Once in
the South China Sea, Nell entered a high vertical shear environment and quickly dissipated.

II. CHRONOLOGY OF EVENTS

December

190600Z - An area of persistent convection within the monsoon trough resulted in the first mention of
the disturbance in the Signiticant Tropical Weather Advisory.

201300Z - A Tropical Cyclone Formation Alert (TCFA) was issued based on the development of deep
convection near the circulation center and an overall improvement in organization.

211300Z - Although the disturbance did not intensify during the first TCFA, conditions remained favor-
able for +2velopment and a second TCFA was issued.

221300Z - The TCFA was canceled as the convection decreased steadily.

231200Z - The first warning was issued without a TCFA in effect, based on improved convective orga-
nization and a satellite intensity estimate of 25 kt (13 m/sec).

250000Z - A satellite intensity estimate of 35 kit (18 m/sec), led to the upgrade of Nell to a tropical
stormii. Post analysis indicates that Nell likely became a tropical storm over a day earlier, at 231800Z.
260000Z - Based on the first daylight satellite intensity estimate of 65 kt (33 m/sec), Nell

was upgraded to a typhoon. Post analysis indicates that Nell actually achieved typhoon intensity about
12 hours earlier.

280600Z - The final warning was issued on Nell as it dissipated in the South China Sea in a high shear
environment.
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1II. IMPACT

News agencies attributed seven deaths to Nell, six at Surigao City, Mindanao, near the area of
landfall. Additionally, thousands of residents in Jow-lying river valleys in northern Mindanao were
forced to evacuate to higher ground.




3.2 NORTH INDIAN OCEAN TROPICAL
CYCLONES

Spring and fall in the North Indian Ocean
are pericds of transition between major climatic
conwrols, and are the most favorable seasons for
tropical cyclone activity. This year, only two
significant tropical cyclones occurred, both in
the fall transition month of November (Table 3-
5). This amount of activity was unusually low
for an ocean basin which typically experiences
an average of five, and in sharp contrast to the
previous year, 1992, which set a 18-year record
high of 13 (Table 3-6). The last time only two

tropical cyclones were recorded was 13 years
earlier in 1980.

The best track composites for TCO1A and
TCO02B are shown in Figure 3-14. Tropical
Cyclone 01A formed in mid-November in con-
junction with a twin, TCO1S (Alexina), in the
Southern Hemisphere. Later, at the end of the
month, when the monsoon trough became active
across the western North Pacific and Bay of
Bengal, TCO2B formed. During the first week
of December, TC02B became part of a muliple
storm outbreak along with Lola (35W) and
Manny (36W).

TOTAL

Table 3-5 NORTH INDIAN OCEAN SIGNIFICANT TROPICAL CYCLOMES FOR 1993

NUMBER OF MAX IMUM
TROP ICAL WARNINGS SURFACE ESTIMATED
CYCLONE PERIOD OF WARNING _JSSUED WINDS-KT (M/SEC)
TC 01A 12 NOV - 16 NOV 5 80 (A1) 963
TC 02B 30 NOV - 05 DEC 6 75 (39 267

11
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The criteria used in Table 3-6 are as follows:
1. If a tropical cyclone was first wamned on dunng the last two days of a
particular month and continued into the nexi month for longer than iwo TABLE 3.6 1. EGEND
days, ihen that system was auributed to the second month. N
2. If a wopical cyclone was wamed on prior to the last two days of a Total for the month/year <= 2 I
month, it was altnbuated 1o the first month, regardless of how jong the sys- 20 0 .
tent lasted. Typhoons et )
- 3. If = 1ropical cyclone began on the last day of the month and ended on Tropical Storms e ] A
the first day of the next month, that system was attributed to the first /
month. However, if a tropical cyclore began on the last day of the month Tropical Depressions :
and continued nto the next month for only two days, then it was atinb- :
. uted to the second month. N =
\
}
Table 3-6 DISTRIBUTION OF NORTH INDIAN CCEAN TROPICAL CTYCLONES FOR 1975-1983 -
197y 1 0 ) 0 2 C 0 G 0] 1 2 c 6 ’
0.0 000 Qocd 0¢o 200 oee 0350 GGO 0co GO 520 003 3 3 C
1976 0 o] 0 : c H C [¢] N ! 0 1 5
09 GCO oeC Ci0 GO0 Ci0 aCs 050 010 C16 88O 510 o & 9 -
1971 By ¢} G 9 ] 1 0 c ¥ 1 0 2 5
006G 0G0 000 000 014G 01  GoO0 GJ0 G30 0:i0 0G0 110 14 0 v
1278 0 0 0 C 1 [¢] 0 0 ] 1 2 0 [
c0o oco 000C 000 c00 3C0 003 [ 000 010 260 by 2 2 C N
1973 c G 0 Q ] 1 [ 0 Z H 2 c 7 ‘
600 000 900 0co 190 010 0co Goo Gil C15 [ c00 1 4 2 [N
1980 2 s o ¢ 2 < ¢ c o] c 1 1 2 hil
Cc30 (ofele} 000 000 [o]d] [$o]Y] 000 G60C 00C c00 0.0 0i9 c 2 0 .
1981 c 0 G 8 c 0 0 G : G 1 N 2 -,
000 000 cco nco 0C3 0G0 003 0Co 010 0GO 100 105 2 1 3 '
1982 c 0 c ] 1 M 0 S 0 2 1 o] 5
0C0 000 030 200 100 019 GSO 000 00¢ 020 100 c00 2 s ¢ *
1983 Q0 0 0 G [¢] 0 2 ] 1 1 o} 3 4
000 000 000 0se 0Co 0dC  00C 0:0 000 G106 c19 000 0 3 O
1984 0 0 0 n 1 0 0 [ 0 1 ? o] 4
0G0 GOG 000 030 G190 000 000 5Co €30 10 200 000 2 2 ¢
1985 o] 0 ] G 2 4] 0 0 [ 2 H 1 6
000 GO0 000 0co 020 1Y) 000 000 00GC 0290 G610 G13 0 6 U
1486 1 0 0 0 0 ol o] C 0 0 2 o 3
G10 000 cco 020 036 2090 000 090 0350 600 G23C 2¢0 0 3 9
1987 0 ? o] 0 2 0 ¢ c 2 H 2 8 -
000 cl0 0G5 00e G000 020  GCC (tole] 0CS 02¢C 510 (4 c 8 0
1938 G c J 0 0 1 0 c G i 2 3 s
500 00¢C [¢]M9] 600 000 01C 006 00C Lo Civ 110 0.0 1 4 3
1983 0 G 0 C 2 1 0 0 0 0 i 0 3
000 c09 003G 0CcC Gi0 310 000 oo 000 000 130 0co i 2 0
1990 0 0 < 1 1 0 G C 0 3 1 H 4
- Co0 G0OG c3C SO1 100 007 000 000 03%0 coo 001 G190 11 2
1991 1 c C N G i 0 0 [ C N 0 1
010 soc 0Cd 120 €30 0:3 Ccoo 090 00n 0co c10 0eo 13 ¢ .
1392 C s} 0 < 1 7 1 0 1 3 3 2 i3
. 000 010 [VRE] C20 10 Cr9 00 0ce 003 G2l 20 £20 3 8 2
1293 0 0 G 0 0 < 9 0 0 G ¢ Y 4
000 000 GCu 0co 0ce 00G roo 039 000 0C0 200 0ss 2 ¢ 0
(1972-1293)
AVERAGE 0.2 0.1 0.0 9.2 0.6 0.6 0.1 G.. 0.3 9.9 I.v 0.5 4.8 '
CASES 3 1 0 3 12 1l N 1 5 m 28 12 92
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TROPICAL CYCLONE ¢1A

L

Figure 3-01A-1 TC 01A in the central Arabian Sea is within 12 hours of reaching
its peak intensity of 80 kt (41 m/sec) (140059Z November visible DMSP image).

I. HIGHLIGHTS

The only significant tropical cyclone 1o occur in the Arabian Sea during 1993, Tropical Cyclone
01A (TC 01A), originated southwest of India. Afier persisting for a week, TC O1A entered a low shear
environment and steadily intensified to 80 kt (41 mysec) (Figure 3-01A-1). Following recurvature to

the northeast and attainment of peak intensity on 14 November, the tropical cyclone entered a region of
high vertical shear rear the Pakistan-India border and dissipated over water.

1. CHRONOLOGY OF EVENTS

November

050600Z - An area of persistent convection caused JTWC to mention the disturbance in the Significant
Tropical Weather Advisory.

120600Z - A TCFA was issued on the developing disturbance bas:d on an increase in conveciion near
the low-level circulation center.

1218007 - The first warning was issued on TC O1A based on a satellite intensity estimate of 35 kt (18
m/sec).

131800Z - Based upon a satellite intensity estimate of 65 ki (33 m/sec) led forecasters to upgrade TC
01A to typhoon intensity.

160000Z - The final warning was issued on TC Q1A as the system dissipated over water.

III. IMPACT
No reports received.
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TROPICAL CYCLONE 02B
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Figure 3-02B-1 TC 02B is part of a multiple storm outbreak that includes: Lola (35W) and Manny (36W) in the

western North Pacific, and two tropical disturbances, (A) and (3), in the South China Sea and South Indian
Occan, respectively.

i. HIGHLIGHTS

The only significant tropical cyclone to affect the Bay of Bengal during 1993, Tropical Cyclone
02B (TC (02B), originated in the South China Sea. After passing over the Malay Peninsula, TC 02B
tracked westward towards Sri Lanka and southern India while steadily intensifying. Before TC 02B
passed over southern India and dissipated just off shore in the Arabian Sea, it becarz part of a multiple
storm outbreak (Figure 3-02B-1).

II. CHRONOLOGY OF EVENTS
November
270600Z - An area of persistent convection, south of Vietnam, resulted in the first mention of the distur-
bance in the Significant Tropical Weather Advisory.
291630Z - A Tropical Cyclone Formation Alert was issued based on an increase in convection and syn-
optic data which indicated a weak surface cyclonic circulation.
301200Z - The first werning was issued based on a satel.ite intensity estimate of 25 Kt (12 my/sec).
December
031200Z - Based on a satellite intensity estimate of 65 kt (33 m/sec), TC 02B was upgraded to typhoon
intensity.
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051800Z - The final warning was issued after TC (2B traversed southern India, entered the Arabian
Sea, and dissipated.

1. IMPACT -
None. -~

Captions:

Figure 3-01A-1 TC O1A in the central Arabian Sea is within 12 hours of reaching its peak intensity of
80 kt (41 m/sec) (140059Z November visible DMSP image).
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4. SUMMARY OF SOUTH PACIFIC AND
SOUTH INDIAN OCEAN TRGPICAL CYCLONES

4.1 GENERAL

On 1 October 1980, JTWC's area of
responsibility (AOR) was expanded to include
the Southern Hemisphere from 180° east longi-
tude, westward to the coast of Africa. Details
on Southern Hemisphere tropical cyclones and
JTWC warnings from July 1980 through June
1982 are contained in Diercks et al. (1982) and
from July 1982 through June 1984, in Wirfel
and Sandgathe (1986). Information on Southem
Hemisphere tropical cyclones after June 1984
can be found in the applicable Annual Tropical
Cyclone Report.

The NAVPACMETOCCEN, Pearl
Harbor, Hawaii issues warnings on tropical
cyclones in the South Pacific, east of 180 east
longitude. In accordance with CINCPACINST
3140.1V, Southern Hemisphere tropical
cyclones are numbered sequentially from ! July
through 30 June. This convention is established
to encompass the Southern Hemisphere tropical
cyclone season, which primarily occurs from
January through April. There are two Southern
Hemisphere ocean basins for waming purposes
- the South Indian (west of 135° east longitude)
and the South Pacific (east of 135° east longi-
tude) - which are identified by appending the
suffixes "S" and "P," respectively, to the tropical
cyclone number.

Intensity estimates for Southern
Hemisphere tropical cyclones are derived from
the interpretation of satellite imagery using the
Dvorak (1984) technique and, in rare instances,
from surface observations. The Dvorak tech-
rique relates specific cloud signatures t0 maxi-
mum sustained one-minute average surface
wind speeds. The conversion from maximum
sustained winds to minimum sea-level pressure
is obtained from Atkinson and Holliday (1977)
(Table 4-1).
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42 SOUTH PACIFIC AND SOUTH
INDIAN OCEAN TROPICAL CYCLONES

The total number of significant tropical
cyclones during the 1993 season (! July 1992 -
30 June 1993) (Table 4-2) was 27 which
matched the overall climatological mean for the
past 13 years as shown in Table 4-3. However,
looking at the annual variation of Southern
Hemisphere Tropical Cyclones by ocean basins
(Table 4-4), it becomes apparent that this mean
value of 27 occurred with lower than normal
activity in the South Pacific and South Indian

Table 4-1 MAXIMUM SUSTAINED 1-MINUTE MEAN
SURFACE WINDS AND EQUIVALENT MIN-
IMUM SEA-LEVEL PRESSURE (ATKiNSON
AND HOLLIDAY, 1977) RELATIONSHIF
WIND-KT (M/SEC) BRESSURE._ (MB).
30 (15).c0eiienteea...1000
35 (18) 997
40 (21) 994
45 (23) 991
50 (26) 987
55 L2 ) 984
60 (31) 980
) (33) 976
70 {36) 972
5 (39) 967
80 41)..... e 963
85 (44) 958
90 (46) 954
95 (49) 948
100 (51) 943
105 (54) v eeriennnennan 938
110 (57 833
118 (59) 927
120 {(62) 922
125 (64) 916
130 (67) e ienennnannnnns 910
135 (69) 906
140 (72) 898
145 (75) 892
150 (717) 885
1585 (BO).vvvuenionnennns 879
160 (82) 872
165 (85) 865
170 (87) 858
175 (90) 851
180 (93) e veveieanennn 844




Ocean basins and higher than normal activity in
the Australian basin. The above-average activi-
ty in the Australian basin tied the 13-year record
high of 16 established in 1986. By comparison,
the occurrence of only one tropical cyclone in
the South Pacific tied the 13-year record low
sct in 1991 for that basin.

The JTWC was in warning status a total
of 102 days, which included 25 days when the
JTWC issued warnings on two or more
Southern Hemisphere tropical cyclones, and
seven days with three. There were no days with

four or more occurring simultaneously. A
chronology is provided in Figure 4-1. All ropi-
cal cyclone warnings with the exception of
those for Tropical Cyclones 04S, 13S (Lena),
18P (Nisha) and 26S (Konita) were preceded by
Tropical Cyclone Formation Alerts. With
regard to tropical cyclones with estimated maxi-
mum surface winds of 130 kt (67 m/sec) or
greater, 1993 was the first year since 1987 with-
out any in the Southern Hemisphere.
Composites of the best tracks appear in Fig.ves
4-2 and 4-3.

L

Table 4-2 SOUTH PACIFIC AND SOUTH INDIAN OCEAN SIGNIFICANT TROPICAL CYCLONES,
1993 SEASON {1 JULY 1992-30 JUNE 1993)

TROPICAL WARNINGS MAX SURFACE ESTIMATED
CYCLONE PERIQOD OF WARNING ISSUED WINDS-KT (M/SEC) MSLP (MB)
01S Aviona 27 Sep - 01 Oct 8 65(33) 9756
02S Babie 18 Oct - 21 Oct 6 45(23) 991
03P Joni 06 Dec -~ 12 Dec 17 110(57) 933
048 ---- 07 Dec - 10 Dec 12 35(18) 997
055 Ken 19 Dec - 23 Dec 9 45 (23) 991
06P Nina 23 Dec ~ 04 Jan 28 75(39 967
07?2 Kina 26 bec - 04 Jan 23 12G(62) 922
08P —=-=%* 02 Jan ~ 03 Jan 3* 45(23) 931
09p ----%* 11 Jan - 13 Jan 5* 30(15) 1000
108 Colina 14 Jan - 21 Jan 14 95(49) 948
11S Dessilia 20 Jan - 21 Jan 2 35(18) 997
125 Edwina 20 Jan - 29 Jan 19 110(57) 933
13S Lena 24 Jan - 29 Jan 11 55(28) 984
14Pp ——--* 26-28 Jan/06-07 Feb g* 35(18) 997
15P Lin¥* 31 Jan - 04 Feb 9* 90 (46) 954
16P Oliver 04 Feb - 12 Feb 17 115(59) 927
17P Mick* 05 Feb - 09 Feb g* 45 (23) 991
18P Nishax 12 Feb - 16 Feb 10* 65(33) 976
19S Finella 13 Feb - 15 Feb 6 75(39) 967
20P 0Oli 16 Feb - 18 Feb 4 50(26) 987
21P Polly 25 Feb - 03 Mar 14 100(51) 943
22P Roger 12 Mar - 18 Mar 13 55(28) 984
23P Prema 27 Mar - 01 Apr 14 125 (64) 916
248 Jourdanne 03 Apr - 09 Apr 14 125(64) 916
258 Monty 10 Apr - 12 Apr 4 5010(26) 987
26S Konita 02 May -- 07 May 13 90(46) 954
27P Adel 13 May - 16 May 7 45(23) 991

JTWC Total 263

3I5*

Grand Total 298
* Warnings issued by NAVPACMETOCCEN
NOTE: Names of Southern Hemisphere tropical cyclones are assigned by the aprropriate sub-regional

Tropical Cyclone Advisory Center (Madagascar and Mauritius) or Tropical Cyclone Warning
Center (Australia (Perth, Darwin and Brisbane), Fiji and Papua New Guinea).

166




Table 4-3 MONTHLY DISTRIBUTION OF SOUTH PACIFIC AND
SOUTH INDIAN OCEAN TROPICAI. CYCLONES
XEAR JUL AUG SEP OCT NOV DEC JAN FEB MAR ARR MAX JUN  IQIAL
(1959-1978)
AVERAGE* - - - 0.4 1.5 3.6 6.1 5.8 4.7 2.1 0.5 - 24.17
B 1981 0 0 0 1 3 2 6 S 3 3 1 0 24
1982 1 0 Q 1 1 3 9 4 2 3 1 0 25
1983 1 0 J 1 1 3 5 6 3 S5 0 0 25
1984 1 0 0 1 2 5 5 10 4 2 (4] 0 30
1985 0 0 Q o] 1 7 9 9 6 3 0 0 35
1986 0 0 1 Q 1 1 9 9 6 4 2 0 33
1987 0 1 0 0 1 3 6 8 3 4 1 1 28
1988 0 o 0 0 2 3 5 5 3 1 2 0 21
1989 4] 0 0 0] 2 1 5 8 6 4 2 0 28
1990 2 0 1 1 2 2 4 4 10 2 1 0 29
1991 0 0 1 1 1 3 2 5 ) 2 1 1 22
1992 0 0 1 1 2 o} 4 11 3 2 1 0 30
1993 ¢ 0 1 1 0 5 7 7 2 2 2 C 27
TOTAL 5 1 5 8 19 43 76 91 56 37 14 2 357
(1981-1993)
AVERAGE 0.4 0.1 0.4 0.6 1.6 3.3 5.8 7.0 4.3 2.8 1.1 0.2 27.5
* (Gray, 1979)

Table 4-4 ANNUAL VARIATION OF SOUTHERN HEMISPHERE
TROPICAL CYCLONES BY OCEAN BASIN
SOUTH INDIAN AUSTRALIAN SQUTH PACIFIC
YEAR {WEST OF 1Q5°E) {105°E - 165°E) {EAST OF 165°E) TOTAL
(1953-1978)
AVERAGE* 8.4 10.3 5.9 24.17
1981 13 8 3 24
1982 12 11 2 25
1983 ? 6 12 25
1984 14 14 2 30
1985 14 15 6 35
1986 14 16 3 33
1987 9 8 11 28
1988 14 2 S 21
1989 12 9 7 28
- 1990 18 8 3 20
1991 11 10 1 22
1992 11 6 13 30
1993 10 16 1 27
TOTAL 159 129 69 357
{1981-1993)
AVERAGE 12.2 9.9 5.3 27.5
* (Gray, 1979)
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5. SUMMARY OF FORECAST VERIFICATION

5.1 ANNUAL FORECAST VERIFICATION

Verification of waming positions and inten-
sities at initial, 24-, 48- and 72-hour forecast
periods was made against the final best track.
The (scalar) track forecast, along-track and
cross-track errors (illustrated in Figure 5-1)
were calculated for each verifying JTWC fore-
cast. These Jdata, in addition to a detailed sum-
mary for each tropical cyclone, are included as
Chapier 6. This section summarizes verification
data for 1993 and contrasts it with annual verifi-
cation statistics from grevious years.

5.1.1 NORTHAWEST PACIFIC OCEAN — The
frequency distributions of errors for initial
warning positions and 12-, 24-. 36-, 48- ang 72-
hour forecasts are presented in Figures 5-2a
througn 5-2f, respectively. Table 5-1 incluces
mean track, along-track and cross-irack errors
for 1978-1993. Figure 5-3 shows mean track
errors ard a S-year running mean of track errors
at 24-, 48- and 72-hours for the past 20 years.
Table 5-2 lists annual mean track errors from

9, * hen the JTWC was founded, until the

csent. Figure 5-4 illustrates JTWC iniensity

Tangent 10

|
Best Track \ 1
1
1
L3

Figure 5-1 Definition ¢f cross-track error (XTE). along-track
error {ATE) and forecast track crror (FTE). In this example, the
XTE is positive (1o de right of the best wack) and the ATE 15
negative (behind or siower than the best track).
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forecast errors at 24-, 48- and 72-hours for the o
nast 20 years. S

5.1.2 NORTH INDIAN OCEAN -- The fre-
quency distributions of errors for waming posi-
tions and 12-, 24-, 36-, 48- and 72-hour fore-
casts are presented in Figures 5-5a through 5-5f,
respectively. Table 5-3 includes mean track,
along-track and cross-track errors for 1978-
1993. Figure 5-6 shows mean track errors and a
S-year running mean of track errors at 24-, 48-
and 72-hours for the 20 years that the JTWC has
issued warnings in the region.

5.1.3 SOUTH PACIFIC AND SOUTH INDIAN o
OCEANS — The frequency distributions of 10
errors for warning positions and 12-, 24-, 36-,
and 4&-hour forecasts are presented in Figures
5-7a throagh 5-7e, respectively. Table 5-4
includes mean track, along-track and cross-track

errors for 1681-1993. Figure 5-8 snows mean
track errers and a 5-year running mean of track N
errors at 24- and 48-hours for the 13 years that A

the JTWC has 1ssued warnings in the region.

Best ir.«ck

N borecast

J¥ Posidon

Verilying
Position

L

Al
FI'E - Forecast Track Emor
ATE - Along Track Error

X f1: - Cross Vrack Emor
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Figure 5-2a Frequency disuibution of iniual waming position errors (10-nm increments) for the western
North Pacific Ocean in 1993. The largest error, 160 nm, occurred on Tropical Storm Marian (09W).
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Figure 5.2b Fiequency distribution of 12-hour forecast errors (15-1m increments) for the western North
Pacific Ocean in 1993. The largest error, 427 nm, occurred on Super Typhoon Yancy (19W).
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Figure 5-2¢ Fres 1ency distribution of 24-hour forecast errors (30-nm increments) for the western North
Pacific Ocean in 1593. The largest error, 484 nm, occurred on Tropical Storm Irma (02W).
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Figure 5-2d Frequency distribution of 36-hour forecast errors (45-nm increments) for the western North
Pacific Ocean in 1993. The largest error, 674 nm, occurred on Typhoon Flo (26W).
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Figure 5-2e Frequency distribution of 48- hour forecast errors (60-nm increments) for the western North
Pacific Ocean in 1993. The largest error, 1075 um, occurred on Typhoon Flo (26W;.
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Flgure 5-2f Frequency distribution of 72-hour forecast errors (90 nm increments) for the westem Norih
Pacific Ocean in 1993. The largest error, 1732 nm. occurred on Typhoun Flo (26%).
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Table 5-2 MEAN FORECAST ERRORS (NM) WESTERN NORTH PACIFIC FOR
1959-1993

24-HOUR 48-HOUR 72-HOUR
XEAR ALL / TYRHQONS* ALL / TYRHOONS* ALL / IXPHOONS*
1959 117%* 267%*
1960 177%* 354**
1961 136 274
1962 144 287 476
1963 127 246 374
1964 133 284 429
1965 151 303 418
1966 136 280 432
1967 125 276 414
1968 105 229 337
1969 111 237 349
1970 104 98 190 81 279 272
i9m 111 99 212 203 317 308
1972 117 116 245 245 381 382
1973 108 102 197 193 253 245
1974 129 114 226 218 343 357
1975 138 129 288 27y 450 442
1976 117 117 230 232 338 336
1977 148 140 283 2€6 407 320
1978 127 120 271 241 410 459
1979 124 113 226 219 316 319
1980 126 116 243 221 389 362
1981 123 117 220 215 334 342
1982 113 114 237 229 341 337
1983 117 110 259 247 405 384
1984 117 110 233 228 363 361
1385 117 1iz2 231 228 367 355
1986 121 117 261 261 394 403
1987 107 10 204 211 303 318
1988 114 107 216 222 315 327
1989 120 107 231 214 350 325
1990 103 98 203 191 310 299
1991 96 93 185 187 286 298
1992 107 97 205 134 305 295
1933 112 102 212 205 321 320

* Forecasts were verified when the tropical cyclone intensit:ies
were at least 35 kt (18 m/sec).

** Forecast positions north of 35 north latitudu wers not veri
fied
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Figure 5-4 Mean intensity forecast errors (kt) and 5-year running mean for a) 24 hours, b) 48 hours and c) 72 hours for the western
Nuith Pacific Ocean for the period 1974 101203
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Figure 5-53  Frequency distribution of initial wamning position errors (10-nm increments) for the North Indian
Occan in 1993, The largest error, 85 nm, was on TCO2B.
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Figure 5-5b Frequency distribution of 12-hour forecast errors (15-nm increments) for the North Indian Ocean
in 1993. The largest error, 163 nm, was on TCO1A.
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Figure 5-5¢ Frequency distribution of 24-hour forecast errors (30-nm increments) for the North Indian Ocean
in 1993. The largest error, 356 nm, was on TCO1A.
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Figure 5-5d Frequency distribution of 36-hour forecast crrors (45-nm increments) for the North Indiar Ceean in
1993. The largest crror, 286 nm, was on TCO1A. o
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Flgure 5-Se Frequency distribution of 48-hour forecast errors (60-nm increments) for the North Indian Ocean in N
1993. The largest crror, 595 nm, was on TCO1 A.
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Figure §-5f Frequency distribution of 72-hour forecast errors (%)-nm increments) for the North Indian Ocean in
1993. The largest error, 651 nm, was on TCCIA.
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Figure 5-6 Mecan irack crrors (nm) and 5-year running mean for a) 24 hours, b) 48 hours and ¢) 72 hours in the North Indian Ocean
for the period 1974 to 1993. Note: no 72-hour forecasts verified prior to 1979, and in 1983 and 1985.
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Figure 5-7a  Frequency distribution of initial warning position crrors (10-nm increments) for the South Pacific
and South Indian Oceans in 1993, The largest error, 101 nm, occurred on Tropical Cyclone 028 (Babie).
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Figure 5-7b Frequency distribution of 12-hour forecast errors (15-nm increments) for the South Pacific and
South Indian Oceans in 1993. The largest crror, 217 nm, accuited on “ropical Cyclone 27P (Adcl).
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Flgure 5-7c  Frequency distribution of 24-hour forecast errors (30-nm increments) for the South Pacific and
South Indian Oceans in 1993. The largest error, 310 nm, occurred on Tropical Cyclone 21P (Polly).
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Figure 5-7d  Frequency distribution of 36-hr forecast errors (45-nm increments) for the South Pacific and South
Indian Oceans in 1993, The largest error, 485 nm, occurred on Tropical Cyclone 21P (Polly).
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Figure 5-Te Frequency distribution of 48-hour forecast errors (60-nm increments) for the South Pacific and
South Indian Oceans in 1993. The largest crror, 618 nm, occurred on Tropical Cyclone 23P (Prema).
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5.2 COMPARISON OF OBJECTIVE
TECHNIQUES

JTWC uses a variety of objective tech-
niques for guidance in the warning preparation
process. Multiple techniques are required,
because each technique has particular strengths
and weaknesses which vary by basin, numerical
model initialization, time of year, synoptic situ-
ation and forecast period. The accuracy of
objective aid forecasts depends on both the
specified position and the past motion of the
tropical cyclone as determined by the working
best track. JTWC initializes its objective tech-
niques using an extrapolated working best track
position so that the output of the techniques will
start at the valid time of the next warning initial
position.

Unless stated otherwise, all the objective
techniques discussed below run in all basins
covered by JTWC’s AOR and provide forecast
positions at 12-, 24-, 36-, 48-, and 72-hours
unless the technique aborts prematurely during
computations. The techniques cun be divided
into six general categories: extrapolation, clima-
tology and analogs, statistical, dynamic,
hybrids, and empirical or analytical.

5.2.1 EXTRAPOLATION (XTRP) — Past
speed and direction are computed using the
rhumb line distance between the current and 12-
hour old positions of the tropical cyclone.
Extrapolation from the current warning position
1s used to compute forecast positions.

5.2.2 CLIMATOLOGY and ANALOGS

5.2.2.1 CLIMATOLOGY (CLIM) — Employs
time and location window's relative to the cur-
rent position of the storm to determine which
historical storms will be used to compute the
forecast. The historical data base is 1945-1981
for the Northwest Pacific, and 1900 1o 1990 for
the rest of JTWC’s AOR. A second climatol-
ogy-based technique exists on JTWC’s

Macintosh®™ computers. It employs data
bases from 1945 to 1992 and from 1970 to
1993. The latter is referred to as the satellite-era
data base. Objective intensity forecasts are
available from these data bases. Scatter dia-
grams of expected tropical cyclone motion at
bifurcation points are also available from these
data bases.

5.2.2.2 ANALOGS — JTWC’s analog and cli-
matology techniques use the same historical
data base, except that the analog approach
imposes more restrictions on which storms will
be used to compute the forecast positions.
Analogs in all basins must satisfy time, location,
speed, and direction windows, although the
window definitions are distinctly different in the
Northwest Pacific. In this basin, acceptable
analogs are also ranked in terms of a similarity
index that includes the above parameters and:
storm size and size change, intensity and inten-
sity change, and heights and locations of the
700-mb subtropical ridge and upstream midlati-
tude trough. In other basins, all acceptable
analogs 1eceive equal weighting and a persis-
tence bias is explicitly added to the forecast. In
the western North Pacific basin, analog weight-
ing is varied using the similarity index, and a
persistence bias is implicitly incorporated by
rotating the analog tracks so that they initially
match the 12-hr old motion of the current storm.
In the AOR, a forecast based on al! accentable
straight-running analogs called STRT, as well as
a forecast based only on historical recurvers
called RECR are available.

5.2.3 STATISTICAL

5.2.3.1 CLIMATOLOGY AND PERSISTENCE
(CLIPER or CLIP) — A statistical regression
technique that 1s based on climatology, current
position and 12-hour and 24-hour past move-
ment. This technique is used as a crude baseline
against which to measure the forecast skill of
other, more sophisticated techniques. CLIP in




the Northwest Pacific uses third-order regres-
sion equations, and is based on the work of Xu
and Neumann (1985). CLIPER has been avai'
able outside this basin since mid-1990, with
regression coefficients recently recomputed by
FNOC based on the updated 1900-1989 data
base.

5.2.3.2 COLORADO STATE UNIVERSITY
MODEL (CSUM) — A statistical-dynamical
technique based on the work of Matsumoto
(1984). Predictor parameters include the current
and 24-hr old position of the storm, heights
from the current and 24-hr old NOGAPS 500-
mb analyses, and heights from the 24-hr and 48-
hi NOGAPS 500 mb prognoses. Height values
from 200-mb fields are substituted for storms
that have an intensity exceeding 90 kt and are
located north of the subtropical ridge. Three
distinct sets of regression equations are used
depending on whether the storm’s direction of
motion falls into “below,” “on,” or “‘above” the
subtropical ridge categories. During the devel-
opment of the regression equation coefficients
for CSUM, the so-called “perfect prog”
approach was used, in which verifying analyses
were substituted for the numerical prognoses
that are used when CSUM is run operationally.
Thus, CSUM was not “tuned” to any particular
version of NOGAPS, and in fact, the perfor-
mance of CSLIM should presumably improve as
new versions of NOGAPS improve. CSUM
runs only in the Northwest Pacific, South China
Sea, and North Indian Ocean basins.

5.2.3.3 JTWC92 or JT92 - JTW(C92 is a statis-
tical-dynamical model! for the western North
Pacific Ocean basin which forecasts tropical
cyclone positions at 12-hour intervals to 72
hours. The model uses the deep-layer mean
height field derived from the NOGAPS forecast
fields. These deep-layer mean height fields are
spectrally truncated to wave numbers O through
18 prior to use in JTWC92. Separate forecasts
are made for each position. That is, the forecast
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24 hour position is not a 12-hour forecast from
the forecasted 12-hour position.

JTWC92 uses five internal sub-models
which are blended and iterated to produce the
final forecasts. The first sub-model is a statisti-
cal blend of climatology and persistence, known
as CLIPER. The second sub-model is an analy-
sis mode predictor, which only uses the “analy-
sis” field. The third sub-model is the forecast
mode predictor, which uses only the forecast
fields. The fourth sub-model is a combination of
1 and 2 to produce a “first guess” of the 12-
hourly forecast positions. The fifth sub-model
uses the output of the “first guess” combined
with 1,2, and 3 to produce the forecasts. The
iteration 1s accomplished by using the output of
sub-model 5 as though it were the output from
sub-model 4. The optimum number of iterations
has been determined to be three.

When JTWC92 is used in the operational
mode, all the NOGAPS ficlds are forecast
fields. The 00Z and 12Z tropical forecasts are
based upon the previous 12-hour old synoptic
time NOGAPS forecasts. The (066Z and 182
tropical forecasts are based on the previous 00Z
and 12Z NOGAPS forecasts, respectively.
Therefore, operationally, the second sub-model
uses forecast ficlds and not analys:s fields.

5.2.4 DYNAMIC

5.2.4.1 NOCAT'S VORTEX TRACKING ROU-
TINE (NGPS) — This objective technique fol-
lows the movement of the point of minimum
height on the 1000 mb pressure surface ana-
lyzed and predicted by NOGAPS. A search in
the expected vicinity of the storm is conducted
avery six hours through 72 hours, even if the
tracking routine temporarily fails to discern a
minimum height point. Explicit inserticn of a
tropical cyclone bogus via data provided over
TYMNET by JTWC began in mid-1990, and
has improved the ability of the NOGAPS tech-
nique to track tte vortex.




3.2.4.2 ONE-WAY (INTERACTIVE) TROPI-
CAL CYCLONE MODEL (OTCM) — This
technique is a coarse resolution (205 km grid),
three layer, primitive equation model with &
horizontal domain of 6400 x 4700 km. OTCM
is initialized using 6-hour or 12-hour prognostic
fields from the latest NOGAPS run, and the ini-
tial fields are smoothed and adjusted in the
vicinity of the storm to induce a persistence bias
into OTCM’s forecast. A symmetric bogus vor-
tex is then inserted, and the boundaries updated
every 12 hours by NOGAPS fields as the inte-
gration proceeds. The bogus vortex is main-
tained against frictional dissipation by an ana-
lytical heating function. The forecast positions
are based on the movement of the vortex in the
lowest layer of the model (effectively 850-mb).

5.2.4.3 FNOC BETA AND ADVECTION
MODEL (FBAM) — This odel is an adapta-
tion of the Beta and Advection model used by
NMC. The forecast motion results from a calcu-
lation of environmenial sieering and an empin-
cal correction for the observed vector difference
between that steering and the 12-hour old storm
motion. The steering is computed from the
NOGAPS Deep Layer Mean (DLM) wind fields
which are a weighted average of the wind fields
computed for the 1000-mb to 100-mb levels.
The difference between past storm motion and
the DLM steering is treated as if the storm were
a Rossby wave with an “effective radius” propa-
gating in response to the horizontal gradient of
the coriolis parameier, Beta. The forecast pro-
ceeds in one-hour steps, recomputing the effec-
tive radius as Beta changes with storm latitude,
and blending in a persistence bias for the first
12 hours.

5.2.5HYBRIDS

Note: For information on hybrid aids under devclopment,
refer to Chapter 7, section 7.7 Hybrid Forecast Aids.
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5.2.5.1 HALF PERSISTENCE AND CLIM-
ATOLOGY (HPAC) — Forecast positions are
generated by equally weighting the forecasts
given by XTRP and CLIM.

5.2.5.2 COMBINED CONFIDENCE
WEIGHTED FORECASTS (CCWF) — An
optimal blend of objective techniques produced
by the ATCE. Tne ATCF blends the selected
techniques (currently OTCM, CSUM and
HPAC) by using the inverse of the covariance
matrices computed from historical and real-
time cross-track and along-track errors as the
weighting function.

5.2.6 EMPIRICAL OR ANALYTICAL

5.2.6.1 DVORAK — An estimation of a tropi-
cal cyclone’s current and 24-hour forecast inten-
sity is made from the interpretation of satellite
imagery (Dvorak, 1984). These intensity esti-
mates are used with other intensity related data
and trcnds to forecast short-term tropical
cyclone intensity.

5.2.6.2 MARTIN/HOLLAND — The technique
adapts an earlier work (Holland, 1980) and
specifically addresses the need for realistic 35-,
50- and 100-kt (18-,26- and 51-m/sec) wind
radii around tropical cyclones. It solves equa-
tions for basic gradient wind relations within the
tropical cyclone area, using input parameters
obtained from enhanced infrared satellite
imagery. The diagnosis also includes an asym-
metric area of winds caused by tropical cyclone
movement. Satellite-derived size and intcnsity
parameters are also used to diagnose internal
steering components of tropical cyclone motion
known collectively as “beta-dnift”.

5.2.6.3 TYPHOON ACCELERATION PRE-
DICTION TECHNIQUE (TAPT) — This tech-
nique (Weir, 1982) utilizes upper-tropospheric
and surface wind fields to estimate acceleration
associated with the tropical cyclone’s interac-




tion with the mid-latitude westerlies. It
includes guidelines for the duration of accelera-
tion, upper limits and probable path of the
cyclone.

5.3 TESTING AND RESULTS

A comparison of selected techniques is
included in Table 5-5 for all Northwest Pacific
tropical cyclones, Table 5-6 for all North Indian
Ocean tropical cyclones and Table 5-7 for the

Southern Hemisphere. For example in Table §-
5 for the 12-hour mean forecast error, 762 cases
available for a (homogeneous) comparison, the
average forecast error at 12 hours was 74 nm
(137 km) for JT92 and 78 nm (145 km) for
CLIP. The difference of 4 nm (7 km) is shown
in the lower right. (Differences are not always
exact, due to computational round-off which
occurs for each of the cases available for com-
parison).

TABIR 5-5 1993 ERROR STATISTICS FOQR SELECTED OBJECTIVE TECHNIQUES IN THE NORTHWEST PACIFIC
(1 JAN 1993 - 31 DEC 1993)
12-HOUR MEAN FORECAST ERROR (NM)
JTHC NGPS QICM CSUK EBAM JI92 CLIP HRAC [ ymber x-Axis
JTWC 800 66 of Technique
66 0 Cases Rrrox
NGPS 394 56 397 106 =1 - .
106 50 106 O Y-axis Rrror
OTCM 739 65 378 106 755 82 Technique | Difference
82 17 79 -11 8 0 Brror -0
CSUM 751 65 383 105 753 82 767 78
77 12 70 -36 77 -5 78 0o
FBAM 743 65 380 106 744 81 75 7] 758 716
76 11 70 =36 76 -5 16 -1 16 0
JT92 749 65 382 106 751 82 763 18 1% 16 16% 74
74 9 67 -39 14 -8 14 -4 14 -2 14 0O
CLIP 751 65 382 106 752 82 764 18 155 716 [162 |14] 767 78
78 13 69-37 18 -4 18 ¢ 18 2 kw1 a] 1 o
HPAC 749 &5 382 106 751 82 764 78 754 16 161 14 765 718 165 80
80 15 71-35 73 -3 80 2 8 4 80 6 8 2 80 O
24-HOUR MEAN FORECAST ERROR (NM)
ITHG NGES QICM CSUM ERAM 1392 cLIp HRAC
JTWC 725 112
1120
NGPS 329 98 1332 159
158 6C 159 0
OTCM 667 110 316 156 684 132
132 22 126 =30 132 0
CSUM 689 111 322 158 682 132 707 129
12y 18 125 -33 128 -4 129 0
FBAM 684 111 318 158 676 132 699 129 701 121
121 10 118 -40 121 -1 121 -8 121 O
JT92 €89 111 321 157 682 132 705 129 700 121 707 119
119 8 115 -42 119 -13 319 =10 119 -2 119 ©
CLIP 687 111 320 158 680 132 703 129 698 122 703 119 705 129
129 18 120 =38 127 -5 129 0 129 7 373 10 129 0
HPAC 686 111 320 158 679 132 703 129 697 121 702 119 704 129 704 135
135 24 129 -29 133 1 135 6 135 14 135 16 135 6 135 O
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Table 5-5 (CONTINUED) 1993 ERRCR STATISTICS FOR SELECTED OBJECTIVE TECHNIQUES
1IN THE NORTHWESTERN PACIFIC (1 JAN 1933 - 31 DuC 1993) .
36-HCUR MEAN FORECAST HRKOR (NM)
JTWC 652 16i
161 0
NGPS 262 141 26% 206
206 65 20C¢ c
OTCM 582 156 249 2¢3 599 i8¢
186 30 173 -30 186 [
CSUM 619 16Z 257 205 597 186 636 (83
183 23 18C -25 11/ -9 183 c
FBAM 616 160 254 285 593 185 637 1R3 634 173
173 13 174 =31 169 -16 173 -0 173
ST92 619 160 296 205 597 186 636 1EY €33 113 €y Qe
167 7 165 =40 led -22 lei -1€ jeg -4 L&) G
CLIP 618 160 256 205 S97 86 &35 (B3 €. 173 ¢3: leh
187 27 176 -29 i87 -4 &) 4 188 1% 182 19
HPAC €7 16C 256 70% 496 i8¢  €53. T#3 €33 173 634 167 ER)
195 35 19C -1y iR 2009 Lo ten 22 9L 2R ¢
MEAN PDRETAST FREODR(NY)
JTWC 570 212
2.7 0
NGPS 20C 18% 206 240
255 65 2.8 C
OTCM 499 204 194 246 L31 /757
23 31 2.8 -2w 23 ¢
CSUM Y44 21 2327 249 LPY 237 LMD LR
233 23 2240 =22 2?. -1 P ¢
FRAM 54T 210 192 290 524 237 UI3 siR SIL 750
278 18 237 -3 224 -15 222 -, 2V ¢
3792 544 P10 202 249 £29 3% LIy Die H74 230 R
223 13 2.8 =31 719 -lY 224 -7 24 =t ; C
CLIP $43 2i. 20C 749 $2% 23% 5771 3¢ 513 730 %M 224 L79 Jae
24% 34 201 =27 23 . 4 B 246 16 241 23 i C
HPAC 942 2:C 200 269 5727 23¢ Y171 26 572 230 LM 240 Ll 246 518 2N,
244 44 24€ -3 745 A AR AP R N 9 JLb S
TO=HOUK MEAN PCRECAST ¢ RROR NM)
STWC 43 32
321 ¢
NGPS 129 270 136 30¢
30 34 306 Y
OTCM 365 297 120 302 399 34
347 44 3L 15 340 o
C3UM 414 319 134 395 398 141 456 3ay
342 23 34 3¢ 372 -9 342 [
FBAM 412 320 131 308 39% 342 447 4% 443 348
343 23 339 3% 332 -1C 34¢ Hho 148 G
3792 32% 328 108 31, 3TY 34T 35%¢ 346 355 346 3u1 55
336 8 34, 30 3.!-73 33 -1C 33 -9 3¢ G
CLIP 413 320 133 305 397 342 434 347 440 349 3.5 357 4 I
Je8 4 357 57 34 DY YA L A = R L AL, B § o C
HPAC 417 370 1133 3CH 390 34, 454 i 450 349 3.4 537 44 T [N
363 43 365 59 339 -7 3L 20 3T T G LR HEEE T [
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TABLE 5-6 1993 ERROR STATISTICS FOR SELECTED OBJECTIVE TECHNIQUES
IN THE NORTH INDIAN OCEAN (1 JAN 1993 - 31 DEC 1993)

12~HOUR MEAN FORECAST ERROR (NM)
JTWC 32 69
69 0
TCM 29 €1 29 84
. 84 17 84 0
FBAM 29 65> 28 84 29 83
83 18 83 -1 831 ¢
cLip 31 69 29 84 83 31 19
. 79 10 80 -4 18 -5 19 C
HPAC 30 66 79 84 29 83 3¢ 78 3¢ 73
7307 1% -9 73 .30 73 -5 130
SIRT 26 62 25 16 76 12 26 12 76 €1 26 11
M 1s 79 3 'K 5 11 B Hote 71 C
CLIM 3¢ 6 29 84 23 8Y 36 Y8 3% 23 w0 3T
DU L e S B A LA TR 7 S S B ¢

JIWC 28 125
OTCM 25 118 25 149

FHAM 0y 1t 24 4R J0 ol

4 Je =S fo L
C PRERTE 38 lay i L
e o~ 120 <0 P ) 2
HYAD 2o TiH 29 LA PR S RET P .
T N T o
SIw 24 b ‘ V4 4 [ S - L. 3 .
.78 3 30013 e N A 4 e g v
CiiM 2¢ L0F 29 140 ShOTA FATE voLis 4 i2h Y "
Lor S35 -9 i1l -G " [ P d t <
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TARLE 5-6 (CONTINUED 1993 ERROR STATISTICS FOR SELECTED OBJECTIVE TECHNIQUES
IN THE NORTH INDIAN OCEAN (1 JAN 1993 - 31 CEC 1993)

JTWC

OTCM

FBAM

CLIP

HPAC

STRT

CLIM

JTWC

OTCM

FBAM

CLIP

HPAC

STRT

CLIM

48-1i{OUR MEAN FORECAST ERROR (NM)

JTHC oIcM EBAM CLiR

211

232
19
242

12
23)
10
367
11
406
11
235
11
242
1
213

4

376

198
0
177

206
70
206
-1
206
11
206
26
206
36

231

224
143
240
166
240

-5
240

240
-27
240
136

14 264
264 0
14 264
282 18
14 264
187 =21
14 264
184 -80
14 264
171 -93
14 264
228 -36
QICM
10 367
367 ¢
10 36!
368 1
10 367
236 -13)
i 367
229 -138
10 367
185 -182
10 367
382 15

19
276
19
205
19
211
19
232
19
242

216

276
-71
276
-59
276
~44
276
-39

kpan

LN
496
1
235
11
247
11
213

3716

406

406
4C6
-1¢a
406
-193
50€
=36

19 2
205
192
2117
19 2
232
13 2
242

05

0
05
12
05
217
0%
37

HPAC STRI CiaM

392
217

19 2
232

19 2
242

17

0

17 19 232

15 232 o0

117 19 232 19 242

25 242 10 242 0

72-HOUR MEAN FORFCAST ~RROR (NM)
cilp HPAS SIRT LY

D242 11 213 ii 3

242

c
247 L2
-2y 233 o]

-~

134 376 led 3¢ C
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TABLE 5-7 1993 ERROR STATISTICS FOR SELECTED OBJECTIVE TECHNIQUES
IN THE SOUTHERN HEMISPHERE (1 JUL 1992 - 30 JUN 1993)

12-HOUR MEAN FCRECAST ERROR (NM)
W0 NGO GICM EBAM CLIE LEAC SIRT CLIM

JTHC 246 5%
55 0
NGPS 123 52 213 99
. i33 91 99 ¢C

O7TCM 224 54 167 100 328 69
7t 17 €2 -38 69 0
FBAM 227 54 166 10} 325 69 332 80
- 83 29 78 -23 79 10 80 4
CLIP 229 54 167 1CC 328 69 332 8C 335 86
88 34 77 -23 84 1% 86 6 86 0
HPAC 213 55 157 102 311 6% 310 I8 313 83 313 69
71 16 €4 -38 68 - 69 -9 69 ~14 69 G
STRT 179 52 3142 935 260 6k 264 79 266 83 244 61 266 67
69 17 64 -3 66 4] 67 -12 67 ~16 67 0 61 0
CLiM 213 S5 137 102 3'r 69 3.6 78 3'3 83 313 69 244 €7 313 9
¢ 25 13 -29 8 9 19 3 79 -4 9 19 16 9 79 0

24~HOUR MEAN FORFCAST ERRCR (MM)
BV NGE QTCY A CLIR Heag SIRT Sl
JTWC 225 102
102 ¢
NGPS 119 101 208 149
151 50 149 o]
0iCM 203 10C 161 149 303 116
120 26 106 -43 16 0
FBAM 212 102 164 :S1 300 ilé 315 139
140 38 3135 -l16 137 21 139 0
CLIP 214 107 185 15C 07 116 315 139 318 18] i
164 62 143 -7 15% 39 16} 22 161 C
HPAC 198 100 155 151 286 116 293 132 296 151 296 120
122 22 113 -38 118 2 1:9 -13 120 -31 120 0
STRT 168 98 140 139 245 111 255 135 257 157 235 115 257 120
121 23 115 -24 118 7 119 -16 120 -37 117 2 120 0
CLIM 198 100 155 151 286 116 293 132 296 151 296 120 235 117 296 145
142 42 135 -16 143 27 145 13 145 -6 145 25 140 23 145 0

316-HOUR MEAN FORECAST FRRCR (NM)
JTWC 203 154
154 0
NGPS 105 157 186 182
188 31 182 0
OlcM 180 149 138 174 273 1M
178 29 156 -18 171 0
FBAM 190 153 140 178 270 171 288 201
203 50 191 13 201 30 201 0
CLIP 192 153 141 177 273 171 288 201 291 217
. 219 66 198 21 0! 36 217 16 217 0
HPAC 179 148 133 176 259 172 269 191 272 201 272 110 o
170 22 158 -18 166 -6 169 =27 170 -31 170 0
STRT 152 148 122 163 221 1&3 236 196 238 210 219 163 238 188
175 21 168 5 182 19 187 -9 188 -22 181 18 188 0 T.
CLIM 179 148 133 176 259 172 269 19. 272 201 272 170 219 181 272 207
200 52 187 11 207 35 207 1e 207 6 207 31 202 21 207 0
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TABLE 5-7 (CONTINUED)
1993 ERROR STATISTICS FOR SELECTED OBJECTIVE TECHNIQUES
IN THE SOUTHERN HEMISPHERE (1 JUL 1992 - 30 JUN 1993) -

48-HGUR MEAN FORECAST ERROR (NM)
ATRC Mabs QTCM ERAM CLIP HPAC QURT CLly
JTWC 176 199
199 0
NGPS 92 208 172 239 B
242 34 23 ¢
OTCM 160 197 178 225 248 221
229 32 2i0 -15 221 ©
FBAM 168 199 131 229 245 219 262 265 -
271 12 248 19 263 44 265 G
CLIP 170 199 137 229 248 221 262 265 265 213
269 70 27 28 264 43 2713 8 213 ©C
HPAC 160 195 124 223 235 222 246 250 249 253 249 218
216 21 231 -12 215 -7 217 -33 218 -3 218 0O
STRT 135 192 1:4 213 202 211 215 262 217 263 Z01 208 217 237
228 3€ 227 17 231 20 236 -76 237 -26 223 15 231 &
CLIM 160 195 124 223 235 222 246 250 249 253 249 218 201 223 249 262
252 957 245 22 265 43 262 12 267 9 267 4h 291 34 62 0
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6. TROPICAL CYCLONE WARNING VERIFICATION STATISTICS

6.1 GENERAL

Due to the rapid growth of micro-
computers in the meteorological community and
to save publishing costs, tropical cyclone track
data (with best track, initial warning, 12-, 24-,
36-, 48-, and 72-hour JTWC forecasts) and fix
data (satellite, aircraft, radar and synoptic) are
now available as computer files separately upon
request. Best track positions that precede the
first warning or that succeed the final warning
are not printed in this chapter, but are available
on floppy diskettes upon request. The data will
be in ASCII format on 5.25 inch "floppy” or 3.5
inch diskettes, and will fill two diskettes (or one
high density diskette). These data include the
western North Pacific Ocean (1 January - 31
December 1993) on one and North Indian
Ocean (1 January - 31 December 1993), and

JTWC FORECAST TRACK AND

TRORICAL DEPRESSION O1W

western South Pacific and South Indian Oceans
(1 July 1992 - 30 June 1993) on the other.
Agencies or individuals desiting these data sets
should send the appropriate number of diskettes
to NAVPACMETOCCEN WEST/ITWC Guam
with their request. When the request and your
diskettes are received, the data will be copied
onto your diskettes and returned with an
explanation of the data formats.

6.2 WARNING VERIFICATION
STATISTICS

6.2.1 WESTERN NORTH PACIFIC
This section includes verification
statistics for each JTWC tropical cyclone
warning in the western North Pacific Ocean
during 1993.

INTENSITY ERRORS BY WARNING

WRN BEST TRACK POSITION ERROCRS WIND ERRORS

PIG No. IAT LONG WIND Q0 12 24 36 48 12 00 12 24 36 48 12
93030100 1 8.4N 127,7E 25 11 97 69 0 5 5
93030106 2 8.3N 125.8E 25 11 5 5 10
93030112 3 8.0N 124.2E 20 34 110 0 5
93030118 4 7.6N 123,5E 20 > 0
93030200 S 7.0N 122.8E 20 42 4]

AVERAGE 21 71 69 1 7 S
# CASES S 3 1 < 3 1
TROPICAL STORM IRMA (O2W)
WRN BEST TRACK POSITION ERRORS WIND ERRORS

DIG NO. IAT LONG WIND Q0 12 24 36 48 12 Q0 12 24 36 48 12
93031000 1 $S.3N 163.9E 30 59 118 169 232 356 304 0 0 S 5 10 -5
93031006 2 5.3N 163,7E 30 34 43 60 146 176 13 0 5 5 S 10 -10
93031012 3 5.3N 163.5E 30 18 21 54 128 80 185 0 5 S 5 5 =15
93031018 4 5.2N 163.2E 25 8 25 96 129 134 192 0 0 5 5 0 -20
93031100 5 5.2N 163.0E 25 18 48 99 59 26 332 0 0 0 -5 -10 -25
93031106* 6 S.1N 162.8E 25 16 81 93 72 0 0 0 -10
93031118* 7 4.1N 162.5E 25 24 43 8 123 5 0 ~5 -15
93031206 B 4.4N 162.3E 25 18 47 163 324 5 -5 =15 -25
93031218 9 5.2N 161,1E 35 46 190 377 481 526 535 0 -10 -15 -10 -10 0
93031300 10 5.9N 1€60.2E 40 13 139 229 250 262 264 <5 -15 -15 -15 -5 0
93031306 11 7.4N 158.6E 45 29 134 179 179 181 285 -10 -15 -15 -10 -5 0
93031312 12 9.0N 157.0E S0 S 58 92 118 147 320 -5 0 10 20 20 25

* TD Warning Issued
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TROPICAL STORM IRMR (02W) (CONTINUKD)

93051318 13 10.3N 155.6E S5 56 82 83 96 161 383 -5 5 10 20 10 20
93031400 14 11.3N 154.4E 55 32 46 67 36 188 523 -10 -10 -5 -15 -20 O
93031406 15 11.9N 153.2E 55 8 53 50 152 305 4500 -10 -10 -10 -15 -20 S

93031412 16 12.2N 152.2E 55 8 42 107 243 392 -10 -5 -1% -20 -10
93031418 17 12.5N 151.2E S5 8 33 148 301 45 -10 -10 -15 -10 S
93031500 18 12.9N 150.3E S0 17 116 266 433 563 0 -5 -5 S 1S
93031506 19 13.5N 149.7E 50 29 117 225 314 389 0 -5 -5 5 20
93031512 20 14.3N 149.5E 55 30 94 195 210 0 0 5 10 _
93031518 21 15.1N 149.6E 55 35 133 213 342 0 0 10 1§
93031600 22 15.8N 149.8E 55 42 173 392 5 S 10
93031606 23 16.5N 150.2E 55 70 247 484 0 5 10
93031612 24 17.0N 150.6E 50 54 186 0 S .
93031618 25 17.3N 151.0E 45 87 204 o 10
93031700 26 17.5N 151.4E 40 6 0
93031706 27 17.7N 151.8E 35 8 0
AVERAGE 29 89 168 209 272 328 3 S 8 12 11 10
# CASES 27 25 23 21 16 12 <7 25 23 21 16 12

TROPICAL DEPRESSION 03W
WRN BEST TRACK POSITION ERRORS WIND ERRCRS

RIG NO. IAl JONG HWIND Q0 12 24 36 48 12 90 12 24 36 48 12
93041218 1 6.7N 128.0E 25 30 13 8 21 6 0 5 10
93041300 2  6.6N 127.2E 25 26 8 21 0 & 5
93041306 3  6.4N 126.5E 25 13 12 21 0 5 5
93041312* 4  6.4N 125.8E 20 12 18 0 0
93041400 S  6.4N 124.3E 20 11 ]

AVERAGE 19 13 17 22 0 3 5 1c
# CASES s 4 3 1 5 4 3 1

* TD Warning Issued

TROPICAL DEPRRESSION O4W
WRN BEST TRACK POSITION ERRORS WIND ERRORS

DI No. IAT IONG WIND 00 12 24 26 48 212 Q0 12 24 26 48 12
93042006 1 9,8N 152.38 25 25 93 189 280 358 523 0 5 10 15 20 20
93042012 2 9.6N 151.3E 25 8 84 163 224 290 390 0 5 10 15 15 20
93042018 3 9.1N 150.4E 25 41 118 199 249 305 370 ¢ S5 10 15 15 20
93042100 4 8.5N 149.7E 25 11 41 72 108 140 160 S 5 10 5 10 15
93042106 S5 8.0N 149.0E 25 6 48 718 102 123 124 3 5 10 5 10 15
93042112 6 7.5N 148.4E 25 8 37 70 107 132 160 0 5 0 0 5 5
93042118 7 7.2N 147.7E 25 24 66 108 150 180 191 0O 5 0 o 5 5
93042200 8 6.9N 146.5E 25 24 60 80 91 85 67 0 0 o 0 5 5
93042206 9 6.6N 146.0E 25 77 119 169 202 198 175 0 -5 0 o0 0o 5
93042212 10 6.3N 145.2E 30 101 147 177 184 178 200 -5 -5 -5 O 0 5
93042218 11 6.1N 144.3E 30 118 169 207 203 196 195 -5 -5 O O 5 15
93042300 12 5.9N 143.3E 30 29 30 21 32 45 92 -5 -5 0 0 5 15
93042306 13 5.8N 142.3E 30 13 18 18 48 s 72 0O S5 10 10 15 25 N
93042312 14 S.7N 141.3E 30 49 102 152 167 173 205 0O 0 5 10 15 25
93042318 15 5.7N 140.3E 30 18 53 82 91 130 223 0 0 S5 10 20 25
93042400 16  S5.9N 139.4E 30 26 64 77 83 122 248 0 O 5 10 20 25 .
93042406 17 6.2N 138.€E 30 30 48 59 24 30 133 o 0O 5 10 15 20
93042412 18 6.0N 137.7E 30 32 26 13 49 94 219 0O O 5 10 15 25
93042418 19 6.8N 136.8E 30 53 49 84 124 166 283 0O 0 10 10 15 25
93042500 20 6.9N 135.88 30 91 102 128 162 182 274 0 0 10 10 20 20
93042506 21 7.00 134.88 30 29 43 91 127 149 0O S5 10 10 20
93042512 22 7.0N 134.0E 30 53 103 144 176 235 0 5 5 10 15
93042518 23 7.0N 133.2E 25 72 120 160 203 2N 0O 0 5 5 15
93042600 24 7.0N 132.5E 25 35 25 13 38 67 0 0 o0 110 10




. TROPICAL DEPRESSION O4W (CONTINUED)

93042606 25 7.0N 131.8E 25 24 24 21 59 0 0 0 5 Yo
< 93042612 26 7.0N 131.1E 25 24 34 83 115 0 0 5 5
KN 93042618 27 7.0N 130.4E 2S5 13 56 102 0 0 E)
93042700 28 7.0N 129.5E 25 13 42 65 0 5 )
93042706 29 6.9N 128.6E 25 1 34 9] 5 ﬂﬁ’-
93042712 30 6.7N 127.8E 20 32 61 5 5
- 93042718 31 6.6N 127.0E 20 48 0
AVERAGE 37 68 101 131 162 216 1 3 5 7 12 17
# CASES 31 30 28 26 24 20 31 30 28 26 24 20
-
TRORICAL STORM JACK (OSW) iy
- WRN BEST TRACK POSITION ERRORS WIND ERRORS .ﬁ;‘
e NO. LAT LONG WIND Q0 12 29 36 48 22 Q00 12 24 36 48 12
93051700 1 11.0N 158.9E 25 13 85 145 210 289 587 0 S 5 10 5 -10
93051706 2 11.3N 1S9.2E 25 8 66 126 194 301 0 0 5 10 0
; 93051712 3 11.5N 159.6E 25 21 60 117 211 313 0 ¢} 5 10 0 e
_F 93051718 4 11.7N 1%9.7E 30 11 38 113 196 293 0 S5 10 5 0 3
S 93051800 S 12.0N 159.6E 30 11 50 111 179 289 0 5 10 5 -5 -
93051806 6 12.2N 159.4E 30 18 81 142 234 385 S 10 10 S -10 :
93051812 7 12.4N 158.9E 30 59 126 218 363 570 5 0 0 -i0 -15
93051818 B8 12.4N 158.3E 30 5 8 18 S3 0 0 -5 -15 g
930513906* 3 12.5N 157.2E 30 13 76 71 118 (4} 0 -5 -5
93051918 10 12.5N 155.S5E 30 16 74 100 106 168 364 0 0 -5 0 0 S oot
"?f 93052000 11 12.5N 155.2E 35S 18 71 53 83 133 0 0 g 0 S
93052006 12 12.3N 154.3E 35 18 14 48 68 66 0 0 0 5 Q
93052012 13 12.3N 153.3E 35 5 54 115 108 104 -5 -5 0 5 S
33052018 14 12.8N 152.5E 35 13 54 72 79 123 -5 0 5 S 10 i
93052100 15 13.5N 151.9E 35 1la 30 42 120 -5 0 5 10
93052106 16 14.2N 151.2E 30 5 75 195 348 -5 0 0 0
93052112* 17 14.9N 150.4E 30 23 120 -5 -5
93052200**18 15.2N 148.4E 25 18 31 5 10
- 93052206 19 15.2N 147.3E 25 23 50 0 S
93052218 20 15.008 145.3E 20 18 0
AVERAGE 17 59 106 167 253 476 2 3 4 6 S 8
# CASES 20 19 16 16 12 2 20 19 16 16 12 2
* TD Warning Issued ®
** Regenerated Warning =
SUPER TYPHOON F TN (O6W) ’
WRN BEST TRACK POSITION ERRORS WIND ERRORS )
G NO. LAT IONG WIND Q0 12 24 36 48 12 00 12 24 36 48 12
93061518 1 4.9N 156.7E 25 55 95 143 185 198 113 0 S5 S 5 10 15
i 93061600 2 5.1N 156.6E 25 64 109 157 191 169 60 0 0 0 5 10 195
- 93061606 3 5.3N 156.5E 25 78 126 173 181 140 64 S 5 5 10 10 15
93061612 4 S.6N 156.4E 30 68 114 148 129 93 117 0 0 5 10 10 15
93061618 S 6.0N 156.4E 30 64 109 123 102 106 184 0 0 5 10 10 15 "
93061700 6 6.5N 156.3E 35 S 25 77 151 240 332 0 0 5 S 10 15
N » 93061706 7 7.0N 156.1E 35S 8 48 117 189 263 330 0 S 5 10 10 15
93061712 8 7.4N 155.8 35 8 64 131 206 278 321 0 5 5 10 10 15
93061718 9 7.5N 155.3E 35 30 77 129 192 250 280 0 0 5 5 10 15
93061800 10 7.6N 154.6E 35 8 43 114 173 196 201 0 0 0 0 0 10 )
93061806 11 7.6N 153.8F 35 30 60 96 131 144 166 0 0 0 o] 0 10 X
93061812 12 7.6N 152.9k 35 25 49 93 134 168 186 0 0 5 10 10 5
93061818 13 7.6N 151.8E 35 13 59 135 185 228 177 0 0 5 10 10 0
93061900 14 7.5N 150.8E 35 17 56 72 96 107 0 0 5 10 10 15 5
93061906 15 7.4W 149.8E 35 13 42 98 139 149 115 0 0 5 10 15 0
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SUPER TYPHOON KORYN (06W) (CONTINUED)

93061912 16 7.2N 148.9E 35 18 63 125 146 125 53 0 5 10 10 5 -10
93061918 17 7.0N 148.1E 35 46 112 167 173 114 18 0 5 10 10 0 -15
93062000 18 6.9N 147.6E 35 72 137 1le2 148 117 119 0 0 S 5 -5 -30
93062006 19 7.0N 147.1E 35 62 78 86 120 164 218 0 0 ) 0 -10 -45
93062012 20 7.0N 146.6E 35 69 82 96 148 174 248 0 0 0 -5 -15 -60
93062018 21 7.2N 145.8E 35 98 106 94 120 138 206 0 0 -5 -10 -20 -70
93062100 22 7.5N 145.1E 35 107 94 90 90 112 138 0 -5 -10 -15 -30 -80
93062106 23 8.0N 144.1E 35 99 81 91 109 134 187 0 -10 -15 -25 -45 -85 -~
93062112 24 8.5N 142.9E 40 84 104 134 176 189 225 -5 =10 -20 -30 -60 -80
93062118 25 9.3N 141.4E 45 90 112 148 181 203 258 0 -10 -20 -40 -60 -75
93062200 26 9.8N 140.1E 50 46 106 146 169 204 279 0 -5 -20 -50 -65 -60
93062206 27 10.3N 13%9.0E 55 47 89 130 159 201 287 0 -10 -35 -55 -70 -55 -
95062212 28 10.7N 137.9E 60 415 61 68 105 135 229 -5 -20 -50 -65 -70 -5
93062218 29 11.2N 135.8E 65 11 21 29 71 104 219 -5 -25 -50 -65 -60 -40
93062300 30 11.8N 135.3E 75 13 26 24 51 95 240 0 -20 -30 -25 -15 5
93062306 31 12.2N 134.3E 90 13 31 70 111 161 286 0 -15 -20 -15 -5 20
93062312 32 12.7N 133.2E 105 13 S0 105 159 224 423 0 -10 -15 -10 0 25
93062318 33 13.iN 132,0E 115 13 62 87 132 202 413 0 -10 -10 0 10 35
93062400 34 13.4N 130.8E 125 5 21 31 46 108 281 0 -5 5 10 15 10
93062406 35 13.6N 129.6E 130 8 18 30 47 108 289 0 5 10 15 10 -5
93062412 36 14.0N 128.5E 130 18 29 63 129 213 418 0 5 10 15 1 -5
93062418 37 14.4N 127.4E 130 0 8 33 111 202 452 0 5 10 10 -10 10

93062500 38 14.9N 126.3E 125 8 30 70 140 228 471 -5 -15 ~15 -10 -10 25
93062506 39 15.5N 125.0E 120 18 37 82 161 258 <80 -5 -5 0 -10 -5 40
93062512 40 14.2N 123.9F 115 8 58 136 242 340 95 -10 0 -10 -5 0 60
93062518 41 16.8N 122.6E 110 12 85 169 269 388 5 5 0 5 5
93062600 42 17.5N 121.2E 105 18 52 135 235 418 ] 0 5 =5 0
93062606 43 18.2N 119.8E 90 33 85 175 307 511 0 15 20 5 15
93062612 44 18.9N 118.4E 9¢C 11 86 162 320 495 0 10 5 20 35
93062618 4S5 19.5N 116.8E 90 0 33 120 309 0 -5 -10 =1V
93062700 46 20.0M 115.3E 90 0 35 160 311 0 -5 5 10
93062706 47 20.7N 1i3.9E ¢&° 13 62 221 0 0 0
93062712 48 21.4N 11z.4E 8. 5 131 268 0 5 10
93062718 49 21.SN 110.7E 80 39 191 0 0
93062800 50 21.5N 108.9E 65 72 173 -15 S
93062806 51 21.4N 106.7E 50 72 5

AVERAGE 35 73 115 161 200 249 1 6 11 15 18 29

# CASES 51 S0 48 46 44 40 51 S50 48 46 44 40
TRORICRL DEPRESSION O0TW

WRN BEST TRACK POSITION ERRORS WIND ERRORS
DIG NO. LAT LONG WIND 00 12 24 36 48 12 Q0 12 29 36 48 12

93061706 1 9.4N 130.1E 25 13 32 54 91 182 0 0 -5 0 5
93061712 2 9.8H 129.8E <25 13 41 94 200 297 0 0 -5 5 S
93061713 3 10.3N 129.4% 25 18 50 131 229 357 0 -5 -5 0 10
93061800 4 10.7N 128.8E 25 37 69 152 268 385 0 -5 5 5 5 .
93061806 S 11.2N 128.0E 30 16 21 103 210 0 5 0 15
93061812 6 11.7N 127.2E 30 18 79 161 247 0 10 10 10
93061818 7 12.2N 126.0E 30 8 52 136 0 5 1
93061300 8 12.7N 124.7E 25 44 131 219 5 S S .
93061906 9 13.3N 123.4E 25 60 136 5 5
93061912 1C 13.9N 122.08 25 29 58 0 0
93061918 11 14.6N 120.6E 20 29 0
93062000 12 15.2N 119.2E 20 50 0

AVERAGE 29 68 132 208 298 1 4 1 6 6

# CASES 12 10 8 6 4 12 10 8 6 4




TYPHOON LEXTIS (08W)
WRN BEST TRACK POSITION ERRCRS WIND ERRORS

RIG  NQ. LAT IONG WIND Q0 12 24 3¢ 48 12 Q0 12 24 36 48 12

93070700 1 10.0N 128.3E 30 58 103 108 92 72 1712 0 5 0 -5 -15 -25

93070706 2 10.7N 127.8E 30 21 35 17 46 99 231 ] 5 5 0 -10 -10

93070712 3 11.3N 127.1E 30 13 35 111 205 295 475 0 0 -5 -15 -30 -35

93070718 4 11.8N 126.3E 30 17 76 175 272 355 S13 0 0 -10 -20 -35 -30

. 93070800 5 12.2N 125.2E 35 13 50 118 193 262 343 -5 -10 -20 -30 -40 -20
93070806 6 12.7N 124.0E 35 13 59 107 161 220 236 -5 -10 -20 -25 -35 0

93070812 7 13.2N 122.4E 40 44 116 193 252 307 309 -5 -15 -25 -35 ~-35 5

93070818 8 13.6N 120.8E 45 77 143 136 276 320 314 -10 -15 -15 -25 -10 25

. 93070900 9 14.3N 119.3E 5S¢ 88 150 203 263 286 259 -15 -25 -30 -30 -10 30

b 93070906 10 15.2N 117.9E 55 16 26 30 74 121 194 -5 -5 -10 -20 -15 10
93070912 11 15.9N 116.4E 60 18 58 102 128 130 222 -5 -10 -10 -15% -10 15§

93070918 12 16.6N 114.9E 65 12 18 57 101 168 265 -10 -20 -15 -15 -10 10

93071000 13 17.3N 113.5E 75 8 36 94 150 186 289 -10 -10 -15 -10 0 15

93071606 14 18.0N 112.0E 85 11 72 151 180 210 -5 =5 -10 0 10
93071012 15 18.3N 110.5E 85 6 55 113 169 222 0 0 -5 0 Q
93071018 16 18.4N 108.2E 80 24 75 117 169 205 0 15 10 10 S
93C71100 17 18.5N 108.0E 75 0 57 90 111 126 0 0 5 5 10
93071106 18 18.6N 107.2E 70 11 40 54 45 0 5 10 S
93071112 19 18.7N 106.5E 65 16 38 37 30 ~10 0 S S
93271118 20 18.8N 105.9E 55 18 24 41 0 15 15
93071200 21 18.9N 105.3E 45 18 76 140 0 10 5
93071206 22 19.0N 104.6E 35 18 53 5 5
23071212 23 19.0N lU3.8E 30 23 23 -5 0
AVERAGE 24 62 108 154 211 295 q 8 12 14 16 18
*# CASES 23 23 21 19 17 13 23 23 21 19 17 13

TROPICAL STORM MARIAN (09W)
WRN BEST TRACK POSITION ERRORS WIND ERRORS

RIG o, LAT IONG WIND 00 12 24 36 48 12 Q0 12 24 36 48 12 N
93071312 1 8.4N 137.1E 25 85 163 252 334 377 452 -5 -5 -5 0 20 50
93071318 2 6.8N 135.8E 30 51 104 186 246 276 385 0 0 0 15 35 490
93071400 3 9.5N 134.5E 35 18 55 108 125 144 294 0 S5 15 35 45 40
93071406 4 10.3N 133.2E 35 21 76 104 121 146 334 0 0 20 40 45 45
23071412 5 11.3N 132.1E 40 16 26 59 98 85 -5 0 20 35 50
93071418 6 12.4N 131.1E 45 18 8 23 31 37 0 15 35 45 60
93071500 7 13.4N 130.1E 45 34 72 96 100 156 0 20 35 50 60
93071506 8 14.1N 129.0E 40 37 53 59 86 155 0 15 25 40 S5
93071512 9 14.7N 128.0E 35 45 46 46 105 -10 0 10 10
93071518 10 15.3N 126.9E 30 49 33 83 161 -5 0 10 15
93071600 11 15.9N 125.8E 30 40 100 202 ] 5 0
93071606 12 16.6N 124.9E 30 71 170 267 0 0 5 R
93071612 13 17.6M 124.4E 25 160 297 0 0
. 93071618 14 18.4N 124.1E 25 115 226 0 5
| - 93071700 15 19.3N 123.8E 25 29 0
- 93071706 16 20.1N 123.6E 20 6 0
. AVERAGE 50 103 124 143 173 367 2 5 15 29 46 44
# CASES 16 14 12 10 8 4 16 14 12 10 8 4

TYPHOON NATHAN (10W)
WRN BEST TRACK POSITION ERRORS WIKD ERRORS
DIg NO. LAT LQNG WIND 00 12 24 36 48 2 Q0 12 24 3¢ 48 12
93071912 1 14.0M 149.9E 30 38 80 124 170 223 268 -5 -5 ~5 0O 10 25
93071918 2 14.6N 149.1E 30 24 S0 83 124 157 149 0 -5 0 10 20 35 .
93072000 3 15.2N 148.2E 35 45 74 112 136 162 148 0 S 10 20 30 40
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TYPHOON NATHAN (10W) (CONTINUED)

93072006 4 15.7N 147.2E 40 29 38 54 54 55 155 0 5 10 20 30 40 . e
93072012 S 16.2N 146.2E 40 34 46 66 84 108 227 5 10 20 30 40 35
93072018 6 16.7N 145.2E 45 37 55 83 109 139 279 S 15 25 35 40 40 .
93072100 7 17.3N 144.2E 45 13 13 24 73 127 54 0 5 15 25 25 15
93072106 8 18.0N 143.3E 45 21 43 S8 121 204 140 0 5 15 20 2¢ -5
93072112 9 18.7N 142.4E 45 20 45 94 158 219 149 0 5 10 15 10 -10
93072118 10 19.4N 141.5E 45 33 78 154 219 228 243 0 0 0 10 S 0
93072200 11 20.1N 140.9E 45 33 85 158 229 176 393 0 S S 0 -5 0 - '
93072206 12 20.9N 140.5E 45 12 78 156 188 16l 5S40 0 0 S 0 -20 10
93072212 13 21.4N 140.3E 45 8 o8 99 43 191 513 0 0 0 -5 -20 15
93072218 14 21.9N 140.1E 50 18 42 18 127 305 0 S 5 -10 0
93072300 1S 22.4N 139.9E 50 11 22 126 338 511 0 0 0 -10 15 N .
93072306 16 22.9N 139.8E 50 18 56 249 440 541 0 0 -10 0 20 .
93072312 17 23.6N 139.7E 55 18 154 386 565 584 0 0 -10 10 25 .
93072318 18 25.1N 139.4E 55 6 105 216 255 0 -5 5 25 o
93072400 19 27.2N 138.7E 60 30 128 203 172 0 -5 20 20 . '
93072406 20 29.7N 137.9E 70 S 81 158 0 15 20
93072412 21 32.2N 136.4E 70 10 168 214 0 5 25 i
93072418 22 34.2N 134.7E 55 6 96 o 20
93072500 23 36.0N 133.1E 4. 5 11 0 10
93072506 24 37.5N 132.7E 30 5 0
93072512 25 38.7N 133.0E 25 34 0

AVERAGE 21 71 135 180 241 281 1 6 10 14 20 21

% CASES 25 23 21 1 17 13 25 23 21 19 17 13

TROPICAL STORM OFELIA (11W)

WRN BEST TRACK POSITION ERRORS WIND ERRORS
DIG NO. LAT LONG WIND 00 12 24 3¢ 48 22 Q0 12 24 36 46 12
93072506 1 20.3N 137.3E 30 23 82 177 247 234 138 S 10 20 10 -5 0 )
93072512 2 21.9N 136.5E 35 44 99 203 255 169 0O S 20 10 0 N
93072518 3 23.2N 135.5E 40 7 85 158 138 29 0 S 15 o S
93072600 4 24.5N 134.2E 45 16 142 23 98 118 0 10 15 © S
93072606 5 25.5N 133.1E 45 8 zi 78 219 83 0 10 10 5 5
93072612 6 26.9N 132.4E 45 39 127 293 347 0 S 10 o0
93072618 7 28.6N 131.€E 45 18 85 265 194 0 5 5 5
93072700 8 30.6N 131.2E 45 12 103 110 0 -10 -5
93072706 9 32.8N 13'.5E 45 5 65 43 -5 Q 0
93072712 10 35.8N 132.6E 40 20 36 5 10
93072718 11 38.6N 133.8E 30 42 294 10 10 :
93072800 12 40."N 134.0E 30 117 0
AVERAGE 32 96 151 215 127 138 2 7 11 4 4 0
# CASES 12 11 9 7 E) 1 12 11 9 7 S 1

TYPHOON PERCY (12W)
WRN BEST TRACK POSITION ERRORS WIND ERRORS

RIG NO., IAT IONG WIND 00 12 24 3¢ 48 22 Q0 12 24 36 48 1
93072718 1 22.0N 128.9E 30 58 126 138 164 282 -5 0 0 -5 5
93072800 2 23.3N 128.9E 30 8 24 49 26 166 0 -5 -10 -10 0
93072806 3 24.4N 128.9E 35 18 73 90 40 146 0o 0 -5-10 -5 .
93072812 4 25.4N 128.7E 40 24 43 51 182 266 0 -10 -10 -5 0
93072818 S 26.5N 128.7E 45 16 79 224 382 5 -5 5 15
930729300 6 27.7N 128.8E 55 32 127 307 417 0 0 10 10
93072%06 7 29.5N 129.1E 60 20 62 172 10 20 15
93072912 8 31.7N 129.72 65 19 94 153 10 S 5 :
93072918 9 34.3N 130.6E €0 19 47 0 0 .
93073000 10 37.0N 132.1E 55 12 126 J Q s
93073006 11 39.4N 133.8E 50 55 0
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TYPHOON PERCY (12W) (CONTINUED)

93073012

12 41.4N 135.2E 45
AVERAGE
# CASES

TYPHOOK ROBYN (13W)
BEST TRACK

’ 93080112
93080118
93080200
93080206

¢ 93080212
93080218
93080300
93080306
93080312
93080318
93080400
93080406
93080412
93080418
93080500
93080506
93080512
93080%18
930806N0
93020606
93080612
93080618
93080700
93080706
93080712
93080718
93080800
93080806
93080812
93080818
93080900
93080906
93080912
93080918
93081000
930810086
93081012
93081018

RIS
93080600

93080606
93080612
93080618
93080700
93080706
93080712

WRN
DIG  NO. IAT IONG WIND
7.
8.
8.
9.
9.
9.
9.
10.
10,
10.
10.
11.
11.
12.
12.
13.
14.
15.
15.

OO~ W s W=

TYPHOON STEVE

WRN
MO,

S L s W

1

17.
1g.
19.
20.
21.
22.
23,
24.
25.
26.
217,
29.
30.
32.
34.
36.
38.
39.

4N
ON
m
1N
4N
6N
8N
ON
2N
4N
N
1IN
SN
ON
SN
2N
1N
OH
9N
N
- N
4N
3N
IN
ON
1N
2N
3N
3N
4N
6N
ON
SN
3N
2N
3N
4N
1IN

(14%)
BEST TRACK

IAT IQNG WIND
12.
13.
13.
14.
14.
14.
15.

9N
4N
9N
3N
6N
N
ON

152.3E
151.1E
149.3E
148.7E
147.5E
146.2E
144.9E
143.6E
142.5E
141.9E
141.5E
141.0F
140.7E
140.3E
132.9E
139.3E
138.5E
137.9E
137.2E
136.3E
135.4E
134.5E
133.5E
132.6E
131.9E
131.3E
130.8E
130.3E
129.8E
129.4E
129.2E
129.1E
129.1E
129.3E
130.1E
131.2E
132.9E
133.9E

25
25
30
35
45
S0
S5
55
60
60
65
70
70
70
65
€5
70
70
70
70
85
95
105
115
120
120
120
115
110
105
100
95
95
90
80
1%
65
55

AVERAGE

152.0E
151.4E
150.7E
149.9E
149.1E
148.3E
147.4E

+ CASES

25
25
30
30
35
40
40

23
26
12

2
37
70
40
17
s
47
31
71
30
13
25
26
16

29

-
ounnuvumo

w -
LoD O W=

w N
[« 3 o

20
13
13
29
70
24
18
18

80 148 202 215

10

8

6

4

POSITION ERRORS

2
a3

98
31
72
86
79
39
147
106
48
83
54
24
0
109
35
44
64
37
11
17
S
30
29
69
40
13
18
20
42
12
11
20
35
60
25

48

24 3% 48

109
136
61
125
134
157
1).2
253
192
101
148
92
30
26
166
60
76
88
54
28
24
21
28
53
90
47
12
7
80
127
12
31
12
25

80

in
195
96
209
219
278
195
364
281
151
179
136
49
54
212
39
110
122
[17]
41
50
39
33
57
107
89
63
95
207
254
2N
89

136

232
208

84
318
303
363
276
448
341
226
221
157

79

83
245
123
131
142

€7

S5

58

60

49

99
166
inm
182
234
379
313

194

POSITION ERRORS

12
8
33
12
130
13
33
13

201

214 3¢ 48
34 71 113
62 72 105
120 164 236
169 207 266
13 60 102
23 5 72
3 78 144

K
S

118

1
188
563
418
461
384
5865
437
344
219
198
is1
163
249
121
169
194
109
118
150
187
199
331
489
460

272

197
194
314
347
284
7234
285

[y
ocooooULULULOWLOOOOOO

OO O0OOoOUVULOOOLOo

[
Mo o000 oCcCooOoOULMLOLLULLLL

N

0
0
5

WIND ERRORS
12 24 3¢ 48

-5 -15
-5 -10
-10 -10
-5 0
o o0
S 5
10 15
15 15
10 15
S 15
0 15
5 15
10 10
10 15
0 5
-5 0
S =5
5 -15
-15 =25
-20 -35
-10 -15
-10 -5
-5 =5
-5 0
-5 0
0 S
S 10
5 10
10 10
10 10
-5 0
-5 -5
5 S
5 10

7 10

WIND
2 24
0o 0
o o
-5 -5
-10 -10
5 10
5 5

-20

30
20
20
20
25

-15
=15
=25
-30

14

-15
0

0

S
15
20
45
45
35
35
30
30
15
10
-5
-25
=25
-25
-25
-20
-5
0

0
10
5
10
20
20
20
30

18

ERRORS
36 4

]

S
-5
~-10
15
10

10
io0
-5
-10
20
15

$ 5 10 15

19



TYPHOOM S1EVE (14W) (CONTINJIED) .
15 30 .

93080718 8 15.3N 14¢ SE 45 8 56 126 174 246 342 0o 0 O 5
03080800 9 15.5N 145.6E 45 13 90 140 184 253 435 5 5 5 S 15 135
93080806 10 15.5N 144.7E 50 5 30 42 100 148 242 5 10 15 25 25 SO
93080812 11 15.4N 143.7E 50 21 37 69 102 152 223 10 10 15 25 25 SO
93080818 12 15.4N 142.8E 55 37 66 107 137 164 205 5 5 15 20 30 55
93080900 13 15.6N 141.9E 55 8 46 78 99 131 114 5 5 15 20 35 €0
93030906 14 15.8N 141.1E 60 17 S8 82 120 144 138 0 0 0 15 35 70 .
93080912 15 15.9N 140.3E 60 21 S0 42 21 5 82 0 5 5 25 40 15 .
93080918 15 16.0N 139.SE 60 23 17 5 24 72 209 0O 0 10 30 45 65
93081000 17 16.3N 138.6E 60 34 51 69 88 86 93 0O 0 15 30 50 70
93081006 18 16.7N 137.7E 65 13 24 17 32 69 0 10 25 35 60 v
93081012 19 17.1N 136.9E 65 12 8 54 113 193 0 15 25 40 60 . _
93081018 20 17.6N 136.2E 60 8 3% 61 133 203 10 20 30 50 60 .
93081100 21 18.2N 135.5E 55 13 45 84 152 201 0 10 25 50 65 '
93081106 22 18.9N 134.9E SO 26 55 127 190 5 15 35 S0
93081112 23 19.6N 134.2E 50 26 66 127 161 0 15 35 4%
93081118 24 20.4N 133.4E 45 39 84 130 0 20 30
93081200 25 21.3N 132.5E 40 11 36 69 -5 10 20
93081206 26 22.3N 131.4E 30 11 27 0 5
93081212 27 23.2N 130.3E 25 0 32 5 5
93081218 28 23.9N 129.1E 25 5 0 *
[}
AVERAGE 20 45 76 111 148 232 3 7 14 23 31 39
# CASES 28 27 25 23 21 17 28 27 25 23 21 17

TROPICAL DEPRESSION 1SW
WRN BEST TRACK POSITION ERRORS WIND ERRORS

DG NG, 1T IONG WIND Q0 12 24 36 48 12 90 12 24 3% 48 12
93081312 1  7.8N 175.9E 25 37 56 104 0 0 5
93081318 z  6.4N 175.5E 25 41 71 110 0 5 15
93081400 3  9.0N 175.2E 25 37 130 o o i
93081406 4  9.6N 174.3E 25 45 119 0o 5
93081412 S  9.8N 173.0E 25 53 0
93081418 € 9.8N 171.9E 20 11 0
AVERAGE 38 94 108 0 3 10
# CASES 6 4 2 6 4 2

TYPHOON TASHA (16W)
WRN BEST TRACK POSITION ERRORS WIND ERRORS
DTG NO, LAT IONG HWIND 00 12 24 36 48 712 Q0 12 29 36 48 12

93081500* 1 9.4N 133.2E 25 91 225 327 396 0 0 0 -10

93081506* 2 10.8N 131.2E 25 150 270 359 440 0 0 0 -5

93081512* 3 12.5N 129.7E 25 151 168 188 194 0 -5 -10 -15

930815i8* 4 13.7N 128.7E 25 42 49 124 189 0 -5 -10 -15

93081600 5 14.6N 128.0E 30 96 104 121 168 246 481 -5 ~10 -10 -10 -15 -25

93081606 6 15.4N 127.2E 30 77 111 150 203 279 529 -5 -10 -10 -15 -1$ -39 .
93081612 7 16.2N 126.4E 35 42 75 125 208 321 619 0 5 10 15 15 -10

93081618 8 16.9N 125.6E 35 29 39 30 61 151 418 0 S 5 5 10 -15

93081700 9 17.7N 124.9E 40 34 70 79 90 99 285 -5 -3 -5 -5 -5 -30

93081706 10 18.3N 124.1E 40 26 45 94 142 194 286 -5 -10 -15 -15 -20 -45
93081712 11 18.8N 123.2E 45 41 62 100 1167 225 334 -5 -5 -5 -5 ~10 -45

93081718 12 19.1N 122.2E 45 33 38 90 187 266 380 5 5 5 -5 -10 -45
93081800 13 19.3N 121.2E 50 18 49 106 169 198 284 0 0 0 -5 -20 -50
93081806 14 19.5N 120.2E 950 11 30 105 156 188 124 0 0 -5 -10 -45 -40
93081812 15 19.7N 119.1E 55 8 69 119 142 177 317 0 0 0 0 -10 -25
93081818 16 19.9N 118.0E 55 ) 66 34 83 66 0 -5 0 -10 -390
93081900 17 19.9N 116.9E €0 20 62 69 36 76 0 0 0 -15 -25

* TD Warning Issued
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TYPHOON TASHA (16W) (CONTINU™D)

93081906 18 19.7N 116.0E 45 5 ¢ 28 8 83 0 5 -% -10 -195
93081912 19 19.8BN 115.2E 65 24 43 50 37 50 0 0 -10 -5 -10
93081918 20 20.0N 114.55 65 13 21 30 57 101 ¢ -16 -5 5 0
93082000 21 20.2N 113.95 70 2 39 55 84 166 0 -5 &5 19 195
93082006 22 20.6N 113.3E 80 8 22 83 350 0o v ¢ © .
93082012 23 20.9N 112.6E 80 8 44 2 207 0 -10 -1¢ G
93082018 24 21.3N 111.9F 75 318 61 130 0 0 ¢ .
. 93082100 25 21.7N 111.0E 70 16 4% 160 5 16 o
93082106 26 27.IN 110.1F 60 2 69 5 5
93082112 27 .~ TH 109.3E 50 24 73 15 15
93087118 28 23 3N 108.3F 4C 39 10
- 93082200 29 24.2N 105.6kE 30 2 5
AVFRA 39 73 117 156 170 209 p S 8 16 33
# CASES 29 217 25 23 17 11 29 27 =Y 23 17 il
TYPHOON KEONI (01C)
WRN BEST TRACK POSITION EKRORS Wik ERRORS
93082000 1 20.6N 175.1E 75 18 79 1726 192 241 323 0 -1C -2% -35 -35 -2
93082006 2 21.2N 178.1E 80 6 37 93 139 181 =25 -y 15 -3G -3 -30 -19
93082012 3 21.9N 177.2E 85 i1 47 63 80 89 114 0 -10 -2% -30 -2% -19
93082018 4 22.4N 176.0E 90 2 65  Bi 97 96 192 0 -15 -2% -25 -20 -10 .
93082100 5 23.1N 174.8E 95 18 6C 86 107 106 60 -5 -15 -20 -20 -15 -10
93082106 6 23.8N 173,78 100 20 48 8CG 117 104 73 1C -15 -15 -1% -1n -10 .
93082112 7 24.6N 172.8E 100 10 40 67 146 294 74 -5 -5 -5 -5 -5 -15 '
93082118 8 25.3N 171.9F 100 20 43 7: 189 340 5% -5 0 0 0 -5 -25
93082200 9 26.0N 171.1E 95 20 S 90 16d 249 458 -5 & $ & -5 25
93082206 10 26.7N 170.48 90 2 26 101 204 291 492 -5 0 0 O -5 -35
93082212 11 2/.3N lew.wk &5 & 44 i3s 2i9 295 503 -5 G 5 0 -ih -30 —
93082218 12 28.0N 169.2F 8C 29 139 273 358 415 632 <=5 O 0 -5 -30 -30
93082300 13 28.3N 168.2E 15 5 48 100 112 101 19i 0 5 ¢ -15 -30 -25
» 93982306 14 28.5N 167.1E 70 10 S0 64 12 42 170 0 0 -5 -30 -35 -20 o
' 93082312 15 28.7M 165.9E 65 19 43 84 125 170 391 5 0 -10 -25 -20 5 k
93082318 16 28.9N 164.6E 65 18 84 170 255 356 536 5 0 -20 -25 -15 5
93082400 17 29.5N 163.SE 65 18 52 61 104 192 0 -10 -25 -25 -20
93082406 1B 30.2N 162.5E 65 5 26 78 224 336 0 -20 -25 -26 -10
93082412 19 30.8N 161.8E 75 11 27 81 162 209 296 -5 -10 -13 -5 10 15
93082418 20 31.5N 161.1E 85 0 49 120 161 199 343 -5 S O 5 10 15
93082500 2. 31.9N 160.4E o5 30 107 172 199 227 418 0 10 5 15 15 20
93082506 22 32.2N 159.9E 85 27 86 131 184 203 44l 0 10 1% 15 20 20
93082512 23 32.3N 159.5E 80 s 27 98 115 166 420 -5 0 15 15 20 25
93082518 24 32.4N 159.2E 75 11 69 131 182 274 557 0 5 10 15 15 20
93082600 25 32.8N 159.1E 70 27 i15 164 24, 328 575 -5 15 15 20 20 2
93082606 26 33.7N 159.1E 60 20 31 60 86 182 425 0 10 15 15 15 20
93082612 27 34.5N 159.1E 50 38 66 108 119 178 326 5 0 5 S5 5 0
. 93082618 28 35.1N 158.8E ¢ 20 61 37 43 128 -5 0 ©0 0 o0
93082700 25 35.6N 158.3E 45 12 48 115 201 291 O 5 10 19 O
93082706 30 36.2N 158.3E 40 31 97 196 279 o 5 5 5
93082712 31 36.8N 158.7E 35 5 72 173 262 5 5 5 0
. 93082718 32 36.9N 159.4E 35 15 91 202 0 0 0
93082800 33 37.0N 160.4E 30 23 12 121 0 5 o0
93082806 34 37.0N 161.6E 30 19 61 0 5
93082812 35 36.5N 162.8E 25 20 83 0 -5
AVERAGR 17 62 114 166 217 372 3 6 i1 14 16 18
¢ CASES 35 35 33 31 23 25 35 35 53 31 29 25
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TYPHOOM VERNON (17W)

93082300 21.1N 151.6E 45 16 §5 107 181 253 337
93082306 21.5N 151.0E 50 20 54 126 222 296 416
93082312 22.2N 150.5E 55 16 43 120 182 292 374
93082318 9 22.8N 150.0E 60 30 84 160 212 251 429
93082400 10 23.5N 149.4E 65 24 71 109 169 207 367
93082406 11 24.3N 148.8E 70 17 22 24 83 109 363
93082412 12 25.2N 148.3E 75 13 58 125 127 95 451
93082418 13 26.1N 147.5E 80 18 48 89 75 132 568
93082500 14 26.8N 146.4E 80 20 S1 62 54 173 664
93082506 15 27.7N 145.2E 80 13 7 70 134 156

93082512 16 28.S5N 143.9E 80 7 36 113 184 273

-5 -5 0 0 15
-5 0 5 195

WRN BEST TRACK POSITION ERRORS WIND ERRORS
PIG NQ. IAT IONG WIND Q0 12 24 3¢ 48 12 Q0 12 24 36 48 12
93082112* 1 17.8N 152.9E 25 24 55 61 68 0 -10 -15 -20
93082200 2 19.7N 153.3E 35 58 137 201 213 216 155 0 0 5 0 0 -5
93082206 3 20.3N 152.9E 35 26 85 115 108 78 43 6 0 0 -5 -5 -5
93082212 4 20.€N 152.5E 40 20 S5 65 53 29 155 -5 -5 -5 -10 -10 -3
93082218 S 20.8N 152.0E 49 17 33 76 127 176 282 -5 -10 -10 -15 -15 O
6
7
8

5

0 10 25 40 45

0 10 30 45 45 -
0 5 10 20 30

0 5 15 20 30

5 15 25 30 40

5 20 25 30 45

5 20 25 35 40

10 20 20 -5

10 20 25 -10

o |
CO0ODUVOoOOUODODOUCOOOOOOCOoOWLEOo
—
o

93082518 17 29.1N 142.7E 75 5 64 151 211 291 20 20 -10
93082600 18 29.7N 141.7E 75 13 108 199 271 395 15 25 10 -5
93082606 19 30.4N 141.0E 75 21 91 143 234 15 20 O
93082612 20 31.4N 140.8E 75 7 48 151 346 10 15 0
93082618 21 32.6N 140.6E 75 7 pae] 45 -5 -5
: 93082700 22 34.0N 140.6E 70 5 22 57 -5 -10
i 93082706 23 35.6N 140.9E 70 7 23 5
93082712 24 37.2N 141.6E 65 11 SO 0
93082718 25 38.9N 142.5E 60 12
93082800 26 41.8N 144.1FE 55 14
AVERAGE 18 56 108 163 196 355 2 6 12 14 17 25
# CASES 26 24 22 20 17 13 26 24 z2 20 17 13

* TD Warning lssued

TROPICAL STORM WINONA (16W)
WRN BEST TRACK POSITION ERRORS WIND ERRORS

BIC MO, LAT LONG WIND Q0 J2 24 36 48 12 Q0 12 29 3¢ 48 12
93082206 1 11.6N 123.8E 25 13 30 41 34 29 117 0 -5 -5 0 5 20
93082212 2 11.7N 122.7E 25 11 35 43 11 71 17 0 -5 -5 0 5 20 »
93082218 3 11.6N 121.7E 30 26 67 70 80 117 1932 0 0 0 5 15 25
93082300 4 11.6N 120.6E 30 5 21 87 176 250 313 0 0 0 S 15 30
93082306 S5 11.8N 119.6E 35 16 48 140 223 281 325 0 0 0 10 20 35
93082312 6 12.0N 118.9E 35 16 78 168 256 314 370 5 S S 10 20 35
93082318 7 12.6N 118.1E 40 30 119 210 285 333 386 0 0 S 10 20 130
93082400 8 13.4N 117.4E 40 48 121 183 223 254 245 0 0 5 10 15 25
93082406 9 14.3N 116.9E 45 13 34 83 113 149 206 0 5 10 12 25 25
93082412 10 15.1N 115.5E 45 18 71 128 200 257 278 o 0 0 S 20 20 .
93082418 11 15.8N 116.3E 45 24 49 97 156 194 207 0 0 0 10 10 5
93082500 12 16.4N 116.2E 45 6 72 149 235 315 424 0 0 0 10 0 -10
93082506 13 16.9N 116.1E 45 16 79 127 166 205 297 0 0 10 10 10 0
93082512 14 17.1N 116.0E 45 13 45 92 115 165 286 -5 -5 0 -5 -5 -10 .
93082518 15 17.3N 115.9E 45 16 45 64 97 162 299 -5 0 -5 -5 -5 -5
93082600 16 17.5N 115.8E 45 29 55 72 126 199 284 -5 0 -5 -10 -10 -10
93082606 17 17.6N 115.7E 40 8 24 66 132 206 312 -5 -10 -10 -15 -15 -5

93082612 18 17.7N 115.5E 40 12 51 114 183 261 415 -5 ~10 -10 -15 -15 0
93082618 19 17.8N 115.1E 45 25 68 136 209 270 -5 -10 -10 -15 -10
93082700 20 17.8N 114.6E 45 18 70 121 178 220 -5 -10 -10 -15 -10
93082706 21 17.7N 113.9E 45 23 65 122 183 234 -5 ~10 -10 -10 -5
93082712 22 17.5N 113.1E 45 0 30 538 70 121 -5 -5-10 -5 S

204




TROPICAL STORM WINOMA (18%) (COWTINUED)

93082718 23 17.3N 112.4E 45 12 41 64 82 0 -5 -5 0
93082800 24 17.1N 111.6E 45 8 23 75 146 0 -5 -5 0
93082806 25 16.9N 110.8E 45 5 5 61 0 S 10
93082812 26 16.3N 109.9E 45 12 43 107 0 S 5
93082818 27 15.9N 108.9E 40 31 93 0 ¢
93082900 28 17.4N 108.0E 40 30 78 0 ¢]
93082906 29 18.0N 107,1E 35 13 0
93082912 30 18.5N 1C6.2E 30 [ 0
AVERAGE 17 56 104 154 210 285 2 4 5 8 12 17
# CASES 30 28 26 24 22 18 30 28 26 24 22 18

SUPER TYPHOON YANCY (19W)
WRN BEST TRACK POSITION ERIRORS WIND ERRORS

josne] NO. ILAT IQNG WIND Q0 12 24 3¢ 48 12 Q0 12 29 3¢ 48 12

93082906 1 20.0N 136.8E 30 11 11 49 25 173 257 -5 0 O S5 0 -15

93082912 2 20.0N 135.7E 30 28 98 112 32 113 235 0 5 10 15 15 -20

93082918 3 20.3N 134.88 30 45 104 75 45 90 181 0O 0 0 0 5-25

93083000 4 20.9N 134.2F 30 30 73 61 90 93 1%0 0 0 -5 -5 -5 -35

93083006 S 21.SN 133.2E 35 13 65 172 192 217 287 0 0 -10 -10 -20 -50

93083012 6 22.0N 131.9E 35 0 126 177 174 195 204 0 -5 -1% -20 -30 -45

93083018 7 21.uN 130.4E 40 71 18 62 121 90 146 0 -5 -5 -20 -25 -30

93083100 8 21.IN 129.2E 45 37 28 S3 45 €7 142 0 -10 -15 -30 -35 -30

93083106 9 20.7N 128.1E 55 13 30 75 58 94 218 0 0 -15 -20 -35 -15

93083112 10 21.0N 127.3E 60 8 S0 108 186 301 594 0 -10 -25 -30 -30 -10

93083118 11 21.5N 126.7E 65 36 63 B4 104 125 286 0 -15 -20 -40 -25 25

93090100 12 22.1N 126.1E 75 12 13 42 113 188 417 0 -10 -10 -15 -5 50

93090106 13 22,7 125.7E 90 S 44 93 141 180 308 0 0-i10 O 0 60 %

93090112 14 23 .3N 125.4E 100 5 27  ge 120 141 1las 0 -5 -10 -i5 =20 20 -

93090118 15 24.0N 125.4E 105 6 41 97 156 177 0 -15 -10 -15 5 R

93090200 16 24.9M 125.7E 115 6 27 67 112 154 0 0 -5-10 25 .

93090206 17 25.9N 126.3E 130 0 31 78 98 108 0 20 20 25 35

93090212 18 27.0N 127.1E 125 6 20 15 S5 278 0 -5 -1% 15 10

93090218 19 28.1N 127.9E 120 6 11 30 112 0 -5 20 25

93090300 20 29.4N 129.0E 120 11 27 108 77 0 0 40 30

93090306 21 30.9N 130.3E 115 6 52 113 0 30 45

93090312 22 32.7N 131.8E 110 7 12 86 0 40 35 ey

93090318 23 34,.7N 133.78 75 13 108 10 25 D

93090400 24 37.2N 136.0E S5 33 427 0 s .

93090406 25 39.3N 137.4E 45 63 0 v

93090412 26 40.6N 137.6E 40 20 0 i
AVERAGE 19 66 84 103 155 255 1 9 1% 17 18 31 PR
# CASES 26 24 22 20 18 14 26 24 22 20 18 14

TROPICAL STORM ZOLA (20W) -
WRN BEST TRACK POSITION ERRORS WIND ERRORS ot

Qre NO. IAT LONG WIND 00 J2 29 3¢ 48 L& Q0 12 24 36 48 I !
93090512 1 19.1N 129.7E 25 28 71 78 a3 20 114 0 S 10 15 25 50 -
93090518 2 19.4N 129.0E 25 18 39 69 112 153 255 0 5 5 10 25 45 S
93090600 3 19.8N 128.4E 30 24 103 246 385 457 588 o] 5 10 15 30 60 e
93090606 4 20.5N 128.0E 30 13 23 71 108 138 259 0 0 5 15 30 75 ’
93090612 S 21.3N 127.8E 35 24 40 93 111 106 212 0 5 15 30 35 65
93090618 6 22.3N 128.2E 40 8 65 124 151 174 296 O 5 20 35 35 60
93090700 7 23,3N 128.7E 40 25 92 151 156 204 0 S 20 30 50
93090706 8 24.3N 129.4E 45 44 96 132 181 240 0 S 20 25 &85 ,
93090712 9 25.5N 130.2E 45 0 12 54 56 48 0O S5 10 30 40 e
93090718 10 26.8N 131.0E 45 18 62 98 103 101 0 5 0 35 20
93090800 11 28.2N 131.8E 45 12 67 64 49 0 0 20 20
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TROPICAL STORM ZOLA (20W) (CWTINUED)

93090806 12 29.7N 132.4 45 24 51 48 55 0 -5 30 20
93090812 13 31.2N 133.2E 50 30 7 4 -5 10 :
93090818 14 32.9N 134.3E 55 23 25 18 0 20 2
93090900 15 34.4N 136.5E 40 23 90 S 15
33090906 16 35.7N 138.3E 25 20 26 0 -5
AVERAGE 21 55 90 125 165 288 1 6 14 23 36 59
# CASES 16 16 14 12 10 6 16 16 14 12 10 6

TYPHOON ABE (21W)
WRN BEST TRACK POSITION ERRORS WIND ERRORS

oIG NO. IAT JONG MWIND Q20 12 24 36 48 12 Q0 12 24 3¢ 48 12 :
93090900 1 18.4N 123.3E 25 8 16 58 159 289 565 0 0 -5 -10 -15 -15
95090906 2 18B.9N 123.7E 30 47 111 187 310 409 701 0 0 -5 -5 -15 -10
93090912 3 19.2N 123.78 230 33 70 164 253 359 634 6 -5 -10 -15 -15 -1¢%
93090918 4 19.5N 123.8E 35 16 41 127 196 305 524 0 -5 -5-15 -10 -10
93091000 S 19.8N 123.9E 40 12 63 118 204 323 541 0 -5 -10 -10 -10 -15
93091006 6 19.9N 123.9E 50 32 109 162 261 382 570 0 S 0 S S 0
93091012 7 19.9N 123.6E 55 49 104 186 301 422 591 0 0 0 0 0 0
93091018 & 2Q.0N 123.38 60 54 99 195 310 418 597 0 5 0 0 5 10
93091100 9 20.3N 123.0e 70 S 81 140 224 308 582 0 10 15 1% 15 35
93091106 10 2C.6N 122.6E 80 17 81 154 221 283 550 0 S 5 0 -10 35
93091112 1) 20.8N 122.0E 80 11 73 159 232 340 665 0 0 -10 -5 -10 S0
93091118 12 20.9N 121.3E &% 8 18 €8 96 126 161 -5 -20 -30 -50 -50 10
93091200 13 2).0N 120.6E 90 8 5 33 76 105 92 0 -5 -5 -10 5 25
93091206 14 21.1N 119.9E 95 8 < 86 124 116 -5 -5 -10 0 20
35091212 1% 21.2N 119.2F 100 6 41 81 97 81 -5 -5 -10 S 45
93091218 16 21.5N 118.7E 10C 13 45 72 73 72 6 -10 -5 20 35
93041300 17 21,98 118.3F 105 12 51 56 16 16 -5 -15 0 10 10
93091306 18 22.28 118.CE 110 8 8 49 98 0 g 15 30
93091312 19 22.9N 117.6FE 110 8 38 104 163 -10 0 25 2
93091318 20 22.7N 117.0E 100 6 32 89 -10 15 40
93091400 21 23.1N 116.3E 90 13 14 $7 c 35 40
93091406 22 23.4N 115.3E 170 8 28 5 20
93091412 23 23.7N 114.3E 45 17 10 10 25
93091°18 2 24.2N 113.2E 25 13 10
93091500 25 24.7N 112.3E 20 12 0
AVERAGE 17 52 114 180 255 522 3 8 12 12 16 18
# CASES 25 23 21 19 17 13 25 23 21 19 17 13

TYPROON BECKY (22W)
WRN BEST TRACK POSITION ERRORS WIND ERRORS
PIG NO. IAT IONG MWIND 00 12 24 36 48 72 00 12 24 3% 48 12

93091418 1 17.4N 125.5E 25 62 61 49 83 184 353 5 0 -10 -10 -10 25

93091500 2 17.9N 124.5E 30 q5 12 34 52 105 154 0 -5-10 -15 -5 35

93091506 3 18.3N 123.3E 35 12 21 54 84 122 154 0 -5-10 -10 10 30 .
93091512 4 18.5N 122.2E 40 30 66 86 140 171 151 -5 =10 -15 -5 15 30

93091518 S 18.8N 121.0E 45 12 46 85 145 165 137 -5 -10 -10 10 25 20

93091600 6 18.9N 119.7E 50 18 62 130 167 1€8 ~5 -5 5 2 25

93091606 7 19.4N 118.3E 55 23 62 123 159 1e2 ¢] 0 15 25 20 -
93091612 8 20.1N 116.9E 60 41 94 143 150 133 -5 5 20 25 15

93091618 9 20.8N 115.3E 65 8 36 17 73 52 0 15 20 20 5

93091700 10 21.5N 113.7E 60 0 52 102 155 0o -5 10 0

93091706 11 22.1N 112.2E 55 6 34 58 0 5 10

93091712 12 22.7N 110.7E 30 8 55 a3 0 S 0

93091718 13 23.°N 109.4E 40 12 49 5 10

AVERAGE 22 50 86 121 141 191 2 6 11 14 14 28




TYPHOON CECIL (23W)

# CASES 13 13 12 10 9 5 13 13 12 10 9 5
WRN BEST TRACK POSITION ERRORG WIN[ ERRORS
g NOo, IAT IONe WIND Q0 1o 24 36 48 22 00 12 24 1o 48 12
93092218 1 14.0N 151.1E 25 87 169 273 373 430 562 0 V] 5 ) 0 -2%
93092300 2 13.9N 150.5E 30 48 2 151 213 306 532 S 10 1% 10 -5 -15
93092306 3 13.8N 150.0E 30 29 60 120 202 326 556 S 10 10 0 -1% -15
93092312 4 13.9N 149.5F 35 5 53 153 235 410 604 0 5 0 -15 -20 -195
. 93092318 S5 14.1N 145.2E 35 18 108 228 366 468 670 S 0 ~10 -25 -25 -10
93092400 & 14.8N 149.0E 40 37 124 271 381 456 753 0 -10 ~2% -30 -25 10
93092406 7 15.7N 148.5E 45 30 120 263 368 461 90l 0 -15 -30 -30 -20 20
930924iz2 8 16.7N 147.9E 5% 37 77121 155 23C €9C 0 -10 ~-10 -5 5 2% o
* 93092418 9 17.9N 147.1E 65 0 48 81 119 219 679 0 -10 -> 10 10 20
93092500 10 19.3N 1l46.3E 80 13 32 52 130 287 0 -5 0 10 30
93092506 11 20.€N 145.6L 90 S 10 71 112 2595 0 o 15 15 39
93092512 12 21.8N 145.0E 9% 13 27 77153 252 0 10 5 20 5
93092518 13 22.8N 144.7E 10C <0 49 107 182 238 0 10 5 10 0
93092600 14 23.8N 144.7E 100 17 72 147 180 0 S5 20 5
93092606 1S5 24.8N 145.0E 100 20 70 205 339 0 0 10 5
93092612 16 2£5.9N 145.7E 100 13 53 106 0 10 -5
93032618 17 27.UN 146.9E 95 6 66 135 0 5 -5
93092700 18 28.8N 148.9E 15 20 98 S -5
93092706 19 30.7N i50.9E 75 13 12 0 0
93092712 20 32.9N 153.1E 175 18 0
93092718 21 35.6N 155.9E 70 27 0
AVERAGE 23 76 151 238 334 661 1 6 10 1 15 17
# CASES 21 19 17 15 13 9 21 19 17 15 13

TYPHOON DOT (24W)
WRN BEST TRACK POSITION ERRORS WIND ERRORS

RIG De. LAT LONG HIND CO 12 24 3¢ 48 Ik Q0 12 29 ¥ 48 I
93092300 1 18.5N 112.7E 25 30 80 161 247 368 542 0 0 0 =5 -25 -60
93092306 2 18.5N 112.3E 25 41 115 185 294 428 650 5 0 0 -10 -35 -55
93092312 3 18.6N 112.0E 30 12 45 91 177 321 540 0 0 -10 -25 -45 -40
93092318 4 18.7N 111.8E 30 23 45 113 224 338 514 0 0 -15 -39 -50 -25
93092400 S 18.8N 1l11.6E 30 17 62 148 246 321 516 0 -5 -25 45 -55 -15
93092406 6 19.0N 111.4E 30 16 77 170 257 344 540 0 -10 -35 -50 -50 -10
83092412 7 19.2N 111.4E 35 8 51 95 117 145 30% 0 -15 -35 -45 -30 0
93092418 8 19.4N 111.6E 40 22 79 114 158 212 =5 -25 -40 -45 -15 ;?
93092500 9 19.7N 111.9E 50 41 105 137 190 259 -15 -35 -50 -30 -5
93092506 10 20.1N 112.2E 60 11 22 43 69 119 5 0 -5 20 25
93092512 11 20.5N 112.4E 70 6 16 34 54 66 0 -5 10 15 1¢C
93092518 12 20.8N 112.4E 75 11 18 48 64 0 0 20 20
93092600 13 21.1N 112.4E 80 12 36 71 108 5 15 30 25
93092606 14 21.6N 112.5E 75 0 24 48 5 20 20
93092612 15 22.2N 112.5E 60 S 8 38 0 5 S

. 93092¢18 16 22.8N 112.6E 45 11 18 0 0
93092700 17 23.4N 112.7E 35 20 24 0 0
93092706 18 24.0N 1i2.9E 30 25 0
. AVERAGE 18 49 100 172 266 524 2 8 20 28 31 29
# CASES 18 17 15 13 11 7 18 17 15 13 11 7

SUPER TYPHOON ED (25W)
WRN BEST TRACK POSITION ERRORS WIND FRRORS
RIG  NQ. IAT LONG WIND Q0 12 24 36 48 & W 12 24 36 48 I
93093000 1 12.8N 146.3E 25 6 24 29 18 23 70 0 -5-15 -20 -25 -25
¥3093006 13.2N 145.7E 30 6 18 45 66 66 63 0 -10 -20 -25 -35 -30

2
93093012 3 13.5N 145.0E 35 13 23 44 47 26 15 =5 -10 -15 -20 -20 -20
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SUPER TYPHOON ED (25W) (CONTINUED)

93093018 4 13.8N 144.4E 40 0 29 37 42 25 110 0 -5 -5 -15 -5 -10
93100160 5 14.0N 143.5E 50 0 18 39 25 34 121 0 -5 -1C -10 -10 -15
93100106 6 14.2N 142.5E 55 13 35 S8 10 87 148 0 -10 -20 -15 -15 -25 .
93100112 7 14.4N 141.7E 65 11 18 67 95 1053 136 0 -5 -5 -5 -5 -25
93100118 8 14.6N 141.0E 70 24 51 109 141 130 92 0 -10 -5 -5 -5 -20
93100200 9 14.8N 140.ZE 80 16 47 79 84 71 194 0 0 0 -10 -10 -15
93100206 10 15.4N 139.4E 90 18 S1 66 68 90 280 0 0 -5-15 -20 -10 .
93100212 11 16.0N 138.5E 90 6 5 13 45 99 268 0 -5 -10 -20 -35 -10 .
93100218 12 16.7N 137.6E 95 6 8 26 65 131 323 -5 -15 -20 -35 -40 -10 ¢
93100300 13 17.3N 136.7E 100 S 13 45 98 169 324 -10 -20 -25 -45 -35 -5
93100306 14 17.8N 135.9E 105 S 29 74 131 211 369 -10 -15 -25 -35 -30 -5
93100312 15 38.3N 135.1E 110 S 3¢ 91 163 255 415 -5 -10 -40 -35 -25 -5 .
93100318 16 18.7N 134.4E 115 11 53 107 180 252 439 -5 -25 -40 -35 -20 -5
93100400 17 19.1N 133.8E 120 8 24 76 171 251 379 0 -30 -35 -25 -15 0
93100406 18 19.5N 133.3E 130 16 69 154 224 260 211 -5 -25 -30 -15 -10 10
93100412 19 19.8N 132.8E 140 S 69 166 222 316 523 -5 S5 15 15 5 =5
93100418 20 20.3N 132.7E 140 12 53 102 167 270 428 0 10 20 15 5 5
93100500 21 20.8N 132.7E 135 8 47 101 203 259 338 0 10 20 20 10 O
93100506 22 21.4N 132.9FE 130 12 49 106 207 222 255 0 10 15 20 15 O
93100512 23 22.1N 133.2E 120 8 21 94 208 266 0 0 -5-10 -5
93100518 24 22.9N 133.5E 110 6 20 95 173 222 0 -5-10 -5 5
93100600 25 24.0N 134.0E 105 18 28 111 136 207 0 0 -5 S5 5
93100606 26 24.9N 134.6E 100 12 91 135 222 306 0 0 0 10 O
93100612 27 25.9N 135.6E 95 20 63 129 209 0 0 10 10
93100618 28 27.2N 137.0E 90 16 55 121 154 -5 -5 5 0
93100700 29 28.5N 138.4E 85 24 56 91 0 5 5
93100706 30 30.0N 139.9E 75 13 42 30 10 15 10
93100712 31 31.6N 141.7E 65 42 98 0 -5
93100718 32 33.2N 144.0E 55 56 100 0 -5
93100800 33 34.5N 146.5E 55 19 -5 .
93100806 34 35.7N 149.2E 50 28 -5
AVERAGE 14 42 82 130 168 253 2 9 15 18 16 12
# CASES 34 32 30 28 26 22 34 32 30 28 26 22
TYPHOON F10 {(26W)
WRN BEST TRACK POSITION ERRORS WIND ERRORS "
DIG No, IAT LONG WIND 00 12 24 36 48 22 Q0 12 24 3¢ 48 12 ARt
93100112 1 16.7N 128.1E 30 29 69 34 29 45 90 -5 -5 -5 -5 -5 -5
93100118 2 16.8N 127.3E 30 18 5 41 77 98 83 0 0 -5-10 -15 -5
93100200 3 16.9N 126.3E 35 45 139 211 258 300 380 0 0 -10 -20 -20 O
93100206 4 16.9N 126.0E 35 5 34 S8 85 126 233 0 -5 -10 -15 -10 15
93100212 S5 16.8N 125.7E 40 8 24 43 69 102 199 -5 -10 -15 -20 -15 10
93100218 6 16.8N 125.4E 45 12 33 37 67 95 129 0 -5-10 -5 -5 10
93100300 7 16.7N 124.9E S0 25 51 95 147 174 132 -5-10-15 -5 5 15
93100306 8 16.7N 124.5E 55 36 69 119 173 157 188 0 0 0 0 5 25
93100312 9 16.6N 124.0E 60 33 59 101 108 56 390 0 -5 0 5 S5 25 ]
93100318 10 16.6N 123.4E 65 44 88 127 111 37 495 0O 0 5 W0 5 25
93100400 11 16.5N 122.7€ 70 5 46 54 54 161 625 0 -5 0 15 25 40
93100406 12 16.4N 121.9E 65 11 49 37 116 307 840 0 0 5 15 30 45
93100412 13 16.3N 121.0E 65 5 11 92 220 451 918 -10-10 O 15 25 40 X
93100418 14 16.3N 120.2E 60 13 35 140 336 581 1073 -15 O 5 25 30 35
93100500 15 16.2N 119.7E S5 23 97 240 482 724 1301 -5 S5 15 25 35 35
93100506 16 16.1N 119.6E SO 52 155 357 601 827 1529 0 5 20 25 40 30
93100512 17 16.2N 119.8E 50 18 72 266 456 €87 1519 -5 O O O 0 -15
93100518 18 16.4N 120.2E 50 32 167 367 554 826 1732 -5 5 0 5 -5 -15
93100600 19 17.0N 120.9E 45 61 248 432 629 947 0 0 -5 -5-15
93100606 20 18.4N 122.1E 40 53 179 293 476 808 0 0 5 0 =5
93100612 21 19.6N 123.5E 40 107 212 327 560 946 -5 0 0 -5-10
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SOPER TYPHOOM FLO (26W) (CONTINUED)

93100618 22 20.8N 125.0E 40 114 198 358 674 1075 -5 5 -5 -10 -15
93100700 23 22.0N 126.3E 40 20 34 140 407 -5 -5 -20 -30
. 93100706 24 23.3N 127.6E 35 13 84 262 544 0 -10 -25 -30 «
93100712 25 25.0N 129.0E 40 30 147 387 -5 -20 -30
93100718 26 27.1N 130,7E 45 66 213 473 -10 -25 -30
93100800 27 29.4N 133.3E 50 49 227 -5 -15
93100806 28 31.7N 136.7E 55 85 271 -10 -15
. 93100812 29 34.1N 141.4E €0 44 0
93100818 30 36.1N 145.4E €0 34 0
AVERAGE 37 108 196 302 434 659 3 6 9 13 15 22
. # CASES 30 28 26 24 22 18 30 28 26 24 22 18

TRORICAL STORM GENE (27W)
WRN BEST TRACK POSITION ERRORS WIND ERRORS

RIG NO., IAT IONG WIND 00 12 24 36 48 22 Q0 12 24 36 48 12
93100618 1  9.1N 142.4E 25 16 30 133 240 336 562 0 S 10 15 20 40
93100700 2 9.4N 141.3E 25 66 113 216 303 402 634 0 5 5 15 20 40
93100706 3  9.9N 140.3E 25 56 165 276 384 492 762 0O 0 0 5 20 40
93100712 4 10.8N 139,0E 25 132 147 247 365 921 0 0 5 10 25
93100718 5 12.0N 137.8E 25 132 149 225 341 504 0O 0 0 10 25
93100800 6 13.3N 136.8E 30 71 98 116 218 310 0 0 0 10 15
93100806 7 14.4N 136.1E 30 53 107 147 204 0 -5 -5 0
93100812 8 15.6N 135.2E 30 39 76 97 128 0 -5 0 S Y
93100818 9 16.9N 134.3E 35 33 33 65 121 0 S5 15 20
93100900 10 18.1N 133.4E 35 23 47 97 0 0 5
93100906 11 19.4N 132,98 35 23 58 97 0 0 10 .
93100912 12 20.9N 132.5E 30 36 68 0 5
93100918 13 22.3N 132.2E 30 39 66 0
93101000 14 23.7§ 132.0E 30 12 0
93101006 15 25.1N 132.2E 30 11 0 -

AVERAGE 50 90 156 256 428 653 0 2 5 10 21 40
# CASES 15 13 11 9 6 3 15 13 11 9 € 3
TROPICAL DEPRESSION 28W .
. WRN BEST TRACK POSITION ERRORS WIND ERRORS
. DIG NO. IAT IONG WIND Q0 12 24 3¢ 48 12 90 12 24 36 48 1z
931007G6 1 14.2N 119.5E 25 11 73 144 126 130 220 0 5 0 0 S 10 .
93100712 2 14.9N 120.7E 25 16 80 122 197 314 586 S 0 0 5 10 10 .
93100718 3 15.5N 121.9E 25 43 133 250 390 516 759 0 0 S 10 10 10 :
93100800 4 16.1N 123.1E 25 13 30 114 201 0 0 0 5
93100812 $ 16.5N 124.4E 25 44 154 236 305 350 531 0 0 S 5 E) 5
93100818 6 16.5N 124.5E 25 47 96 132 166 197 459 8] S ) 5 5 5 .
93100900 7 16.5N 124.6E 25 17 35 0 5
93101206** 8 20.5N 118.1E 25 8 25 58 o] 0 S
. 93101212 9 20.8N 117.2E 25 2l 55 97 0 0 10
93101218 10 21.1N 116.4E 25 29 49 0 [
93101300 11 21.4N 115.7E 25 0 28 0 10
93101306 12 21.8N 115.0E 25 ) 0
. N 93101312 13 22.5N 114.1k 20 12 0
AVERACE 21l €9 145 232 302 512 0 2 -] 5 7 8 ,
+ CASES 13 11 8 € s s 13 11 8 6 S5 5
* TD Warning Issued ?
** Regenerated Warning
209
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TROPICAL STORM HATTIE (29W)
WRN BEST TRACK POSITION ERRORS WIND ERRORS
JosA] No. IAT IONG YIND 90 12 29 3% 48 12 90 1k 24 3¢ 48 12
93101906* 1 13.2N 163.4E 25 109 137 143 130 5 0 0o -5 c
93101918 2 13.7N 160.7E 30 107 102 90 114 184 394 0 0 0 5 5 25 ‘¢
93102000 3 13.9N 159.5E 30 41 86 130 202 312 511 0 0 0 5 5 15
93102006 4 14.3N 158.6E 30 42 77 117 168 268 553 0 -5 0 0 10 10
93102012 S 14.7N 157.8E 30 60 101 151 232 351 665 0 -5 0 0 10 5
93102018 6 15.2N 157.1E 3% 68 112 183 287 392 1738 0] 0 0 10 15 10 .
93102100 7 15.7N 156.5E 35 93 162 267 383 472 823 (o] 0 0 5 S 0
93102106 8 16.2N 156.0E 35 104 193 318 423 597 940 0 -5 5 5 0 Q
93102112 9 16.8N 155.6E 35 85 187 305 415 641 10S8 ¢ -5 5 0 -5 5
93102118 10 17.5N 155.3E 40 138 252 364 549 747 1273 0 5 10 0 0 15 -
93102200 11 18.4N 155.0E 40 116 210 294 468 599 1212 0 10 S 0 0 10
93102206 12 19.4N 154.7E 35 45 60 39 89 147 S 10 0 0 5
93102212 13 20.4N 154.3E 35 18 27 52 84 125 0 -5 -15 -15 -10
93102218 14 21.3N 153.8E 35 22 20 99 231 256 0 -10 -15 -15 -10
93102300 15 22.1N 153.4E 40 108 152 253 331 318 -5 ~-15 -15 -5 -5
93102306 16 23.9N 154.0E 45 53 128 209 202 -10 -15 -15 -5
93102312 17 25.0N 154.5E SO 11 59 86 160 -15 -1% -10 -5
93102318 18 26.0N 155.3E S0 77 S8 110 -15 -15 -10
93102400 19 26.6N 155.8E 50 64 96 249 -15%5 -10 -10
93102406 20 27.6N 157.0E SO 49 128 =15 -10
93102412 21 29.0N 158.4E 45 36 129 -5 -5
93102418 22 31.0N 160.7E 45 6 o
93102500 23 33.4N 163.6E 45 7 -10
AVERAGE 67 118 183 263 387 817 4 7 6 5 6 10
# CASES 23 21 19 17 14 10 23 21 19 17 14 10
* TD Warning lssued

TYPHOON IRA (30W)
WRN BEST TRACK POSITION ERRORS WIND ERRORS .

joaned MO, IAT IONG WIND Q0 12 24 3¢ 48 12 90 12 24 36 48 12
93102718 1 13.2N 143.6E 25 13 12 37 46 $5 69 0 0 -5 S 0 -20
93102800 2 13.1N 142.1E 30 21 30 53 64 12 39 -5 -5 -10 0 -10 -30
93102806 3 13.1N 140.6E 30 90 112 132 135 133 66 5 0 5 -5 -20 -40
93102812 4 13.2N 139.1E 35 24 18 24 16 21 110 5 5 15 5 -5 -15
93102818 5 13.4N 137.6E 40 G 26 42 S0 69 192 5 15 10 0 ~-10 -15
93102900 6 13.6N 136.3E 45 18 12 © 35 31 42 0 10 0 -10 -20 -5
93102906 7 13.8N 135.0E 40 45 S9 45 48 32 13 5 -10 -20 -35 -45 -20
93102912 8 14.1N 133.7E 45 Sl 66 62 58 52 8 5 -19 -20 -35 -45 -15%
93102918 9 14.4N 132.49E S5 40 26 21 6 26 66 0 -10 -25 ~40 -40 5
93103000 10 14.6N 131.1E 65 18 23 43 36 18 58 -5 -15 -25 -30 -20 0
93103006 11 14.8N 129.8E 75 36 47 93 119 125 146 0 -10 -20 -20 -30 5
93103012 12 15.0N 128B.5E 85 34 S5 90 104 111 138 0 -10 -15 -10 -5 20
93103018 13 15.2N 127.4E 95 33 57 63 75 85 156 0 -10 -5 -5 15 25
93103100 14 15.3N 126.5E 105 5 21 39 76 120 143 0 -5 15 45 30 10 .
93103106 15 15.4N 125.7F 115 0 16 35 69 109 125 0 5 30 25 5 15
93103112 16 15.6N 124.&E 120 13 35 70 106 129 138 0 15 45 40 30 40
93103118 17 15.7N 124.0E 120 29 75 1llé 145 157 184 0 5 40 25 10 25
93110100 18 15.9N 323.0E 110 35 75 121 144 139 149 0 25 25 S 15 30 .
93110106 19 16.1N 122.0E 105 29 46 69 8 74 102 0 15 5 15 20 30
93110112 20 16.3N 121.0E 85 2 45 68 91 102 106 0 20 5 15 20 35
93110118 21 16.5N 120.0E 65 17 30 24 Z 2 102 0 0 10 15 25 a0
93110200 22 16.8N 119.0E 60 20 31 49 64 71127 0 5 15 15 15 25
93110206 23 17.1N 118.1E 60 6 8 20 18 S0 0 ) 0 0 0
93110212 24 17.4N 117.3E +0 18 29 58 106 172 -5 0 -5 S S
93110218 25 17.7N 116.5E 55 33 53 99 140 232 0 -5 0 0 0
93110300 26 18.1N 115.8E 55 18 37 55 86 101 0 0 10 10 20
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TYPHOON IRA (30W) (CONTINUED)

93110306 27 18.5N 115.0E 55 8 12 18 S5 0 o] 5 10

93110312 23 19.0N 114.3E 55 6 12 30 73 Q Q S 10

93110318 29 19.5N 113.7E 50 0 0 37 0 0 S

93110400 30 20.0N 113.0E 45 16 53 55 0 0 10

93110406 31 20.6N 112.3E 45 8 24 0 5

93110412 32 21.3N 111.6E 40 20 24 6 10

93110418 33 22.0N 111.2E 35 16 0

. 93110500 34 22.4N 111.1E 25 29 Q ©

AVERAGE 23 37 56 74 89 104 1 7 14 16 18 21
# CASES 34 32 30 28 26 22 34 32 30 28 26 22

TROPICAL STORM JEANA (31W)

WRN BEST TRACK POSITION ERRORS WIND ERRORS

DIG NO. LAT LONG WIND Q0 12 24 36 48 72 Q0 12 24 36 48 12
93110500 1 11.0N 154.7E 20 23 29 42 76 81 96 S 5 10 25 3% 50
93110506 2 11.3N 153.6E 20 13 24 52 70 81 68 5 5 15 30 40 55
93110512 3 11.6N 152.5E 25 11 37 65 7 79 46 5 10 25 35 40 55
93110518 4 11.9N 151.5E 25 35 55 65 117 §6 35 5 10 25 35 40 595
93110600 S 12.1N 150.5E 25 12 18 29 42 70 124 10 25 35 40 45 60
93110606 6 12.3N 149.5E 25 18 32 42 60 91 154 10 20 30 35 40 55 .
93110612 7 12.6N 148.5E 20 4¢ 69 80 100 150 11175 15 15 20 15 15 15 -
93110618 8 12.9N 147.4E 2C 18 40 75 105 143 126 15 20 20 20 20 15
93110700 9 13.2N 146.3E 20 41 81 134 180 220 156 20 20 20 20 25 25

93110706 10 13.4N 145.2E 20 11 34 52 97 130 194 20 20 20 20 20 20
93110712 11 13.6N 144.0E 25 8 5 41 106 126 269 15 15 15 20 20 20 -
93110718 12 13.8N 142.8E 25 18 43 115 163 162 201 20 20 20 20 20 25
93110800 13 14.1N 141.5E 30 29 71 138 168 Zi 416 15 10 15 10 10 15
93110806 14 14.6N 140.3E 30 39 87 134 162 244 469 10 10 10 5 5 20

93110812 1S5 15.3N 139.0E 35 64 124 168 242 342 571 0 0 G 0 0 15
93110818 16 16.2N 137.8E 35 30 93 189 297 415 617 0 0 C 0 5 20
93110900 17 17.1N 136.8E 35 18 71 111 120 154 377 5 5 : 5 5 15
93110906 18 17.9N 136.2E 40 20 117 191 234 252 334 0 0 5 10 20
93110912 19 18.5N 135.9E 40 16 71 136 224 317 454 o] 0 0 S 5 20
23110918 20 19.1N 135.9E 45 16 39 91 148 203 -5 =5 0 0 0

93111000 21 19.7N 135.9E 45 & 30 81 155 240

93111006 22 20.4N 136.0E 50 11 49 121 198 324

93111012 23 20.9N 136.3E 50 18 78 162 293 448

93111018 24 21.3N 136.8E 50 12 71 180 323 1
93111100 25 21.6N 137.3E 50 12 48 139 254

93111106 26 21.8N 137.9E 45 23 83 179

93111112 27 21.9N 138.4E 45 89 182 288

15 25 20 20
15 25 25 25
20 34 30

5 10 20

10

10 15

oL N wn OO N Wuvo
[8)]

93111118 28 21.9N 138.8E 40 66 151 10
93111200 29 21.9N 139.1E 35 17 62 S
R 93111206 30 21.9N 139.4E 30 70
- AVERAGE 28 66 115 159 199 258 7 10 15 18 20 30
# CASES 30 29 27 25 23 19 30 29 27 25 23 19
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TROPICAL LEPRESSION 32W
WRN BEST TRACK POSITION ERRORS WIND ERRORS

oIG NO. IAT LONG WIND Q0 12 24 3¢ 43 12 Q0 12 24 36 48 12
93111800 1 7.7N 129.7E 25 84 119 168 0 0 -5
93111806 2 7.9N 128.1E 25 55 96 0 0
93111812 3 8.3N 126.9E 25 30 84 0 0
93111818 4 8.9N 126.2E 25 29 0
93111900 5 9.2N 125.6E 25 18 0
L4
AVERAGE 44 100 168 0 0 5
# CASES S 3 1 5 3 1
TROPICAL DEPRESSION 33W -
WRN BEST TRACK POSITION ERRORS WIND ERRORS
DIG NO. IAT LONG WIND G0 12 24 36 48 22 §0 12 24 36 48 12
23111806* 1 14.S5N 161.4E 25 8 128 251 0 0 5
93111818* 2 15.1N 139.€6E 25 150 356 0 5
93111906* 3 15.3N 156.8E 20 6 0
AVERAGE 58 243 251 0 3 5
# CASES 3 2 1 3 2 1
* LDl Warning Issacy
TYPHOON KYIE (34W)
WRN BEST TRACK POSITION ERRORS WIND ERRORS
DL EQ. IAT IONG MWIND Q0 12 29 3¢ 48 12 12 24 3¢ 48 2
93111912 1 10.4N 128.6E 30 29 66 90 93 101 139 0 0 0 0 -20
93111918 2 10.7N 127.4E 35 24 74 19 78 54 76 5 0 0 0 -25
93112000 3 10.7N 126.4E 35 18 18 47 39 63 142 S 0 0 -5 -40
93112906 4 10.8N 125.3E 35 25 39 50 72 108 158 0 0 -5-15-50
53112012 5 11.0N 124.2E 35 24 o8 67 11 152 214 - 0 -10 -20 -40
93112018 6 11.3N 123.0E 40 13 11 46 88 117 202 0 0 -10 -20 -20
93112100 7 11.6N 121.8E 40 18 11 58 91 118 201 5 -5-15 -35 15
93112106 8 11.7N 120.7E 40 21 18 52 81 116 226 0 -15 ~-20 -45 15

93112112 9 11.9N 119.6E 40 16 21 59 88 121 303
93112118 10 12.1N 118.1E 45 29 66 87 121 165
93112200 11 12.2N 116.8E 50 42 12 88 114 175
93112206 12 12.4N 115.4E 60 63 80 103 142 205
93112212 13 12.6N 114.2E 65 29 42 65 123 206
93112218 14 12.7N 113.0E 70 0 16 47 89

93112300 15 12.8N 111.7E 85 € 11 52 155

93112306 16 12.8N 110.5E 95 8 26 104

93112312 17 12.9N 10%.3E 85 8 42 117

-15 -35 -35 15
-20 -45 -20
-10 -30 -35 15
-5 -25 S5 25
-10 -5 30 15
-15 -5 1°
-10 20 5
0 15
20 10

LI |
[ B
OO OO0 OO0V O0OOO0OO0OO0OO0 OO0 OO0
]
-
o v

93112318 18 13.0N 107.9E 65 13 49 10

93112400 19 13.3N 106.6E 30 25 89 S
AVERAGE 22 43 72 100 131 185 1 6 10 15 19 27
# CASES la 19 17 15 13 9 19 19 17 15 13 9

TYPHOON LOLA (35W)
WRN BEST TRACK POSITION ERRORS WIND ERRORS
DIG  NO. IAT IQNG WIND Q0 12 24 36 48 72 00 12 24 3¢ 48 12

93120200 1 8.6N 143.3E 30 32 123 210 282 357 398 -5 0 -5 -5 -10 -20
93120206 2 9.3N 141.6E 30 69 122 182 246 283 228 -5 -5 -5 -10 -15 ~25
93120212 32 10.1N 139.9E 30 63 103 151 176 194 199 g -5 ~-10 -15 -15 =25
93120218 4 10.7N 138.0E 35 51 67 119 156 145 107 -5 -10 -15 -20 -20 -20
93120300 5 11.2N 136.1E 40 18 13 8 S 34 100 0 4] 5 10 S -10
93120306 6 11.6N 134.4E 45 17 13 36 66 103 161 0 0 0 5 0 -5
93120312 7 12.1N 132.6E 50 o 13 40 82 134 200 o -5 0 0 -5 0
93120318 8 12.8N 130.9E 55 18 29 82 120 153 234 0 0 0 -5 -5 S
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TYPHOON LOLA (35W) (CONTINUED)

93120400 9 13.4N 129.5E 60 8 30 59 109 126 231 0 S S5 -5 -10 0
93120406 10 13.8N 128.1E 65 8 42 79 120 147 236 0 0 0 -15 -10 -10
93120412 1) 14.1N 126.8E 65 5 60 120 143 192 276 0 -5 0 -10 -5 -10
93120418 12 14.2N 125.7E 70 8 55 118 146 196 254 0 o -5 -5 0 -20
93120500 13 14.3N 124.7E 175 6 417 54 113 167 209 -5 0 -5 0 -5 -35
93120506 14 14.2N 123.8E 80 0 26 77 106 122 121 0 5 0 5 -10 -5C
93120512 15 14.1N 123.0E 80 6 37 94 119 136 138 0 S S 0 -10 -65
93120518 16 14.0N 122.0E 75 6 42 79 110 130 146 0 5 5 -5 -15 -55
93120600 17 13.8N 120.8E 70 8 45 85 94 72 130 0 S 5 -5 -30 -10
93120606 18 13.3N 119.8E 65 6 13 8 8 61 393 0 10 0 -10 -45 S
93120612 19 12.9N 118.9E 60 0 17 29 42 95 407 -5 -5 -15 -35 -70 Q
93120618 20 12.5N 118.0E 55 6 18 26 53 139 -5 -15 -25 -55 -65
93120700 21 12.1W 117.1E 55 17 24 48 76 153 0 -5 -25 -5 -5
93120706 22 11.8N 116.2E 60 35 82 135 225 351 -5 ~10 -40 -45 10
93120712 23 11.5N 115.2E 60 23 59 110 222 360 -5 -20 -59% o 20
93120718 24 11.2N 114.1E 65 41 89 179 329 -10 -35 -45 15
93120800 25 11.1N 113.0E 75 30 61 145 254 -5 -30 30 25
93120806 26 11.1N 111.8E 90 8 59 165 0 0 20
93120812 27 11.3N 110.5E 105 11 81 222 10 45 30
93120818 28 11.8N 108.9E 95 21 109 0 20
93120900 29 12.4N 107.2E SO 26 110 0 0
93120906 30 13.6N 105.6E 35 66 0
AVERAGE 21 55 99 136 168 220 2 9 13 14 17 19
# CASES 30 29 27 25 23 19 30 29 27 25 23 19

TYPHOON MANNY (36W)
WRN BEST TRACK POSITION ERRORS WIND ERRORS

jose] No. LAT L1ONG WIND Q0 12 24 36 48 22 00 J2 24 3¢ 48 12
93120306 1 7.0N 154.2E 25 21 77 142 184 204 244 0 0 10 10 5 10
93120312 2 7.1N 152.2E 25 101 172 243 261 272 274 0O 0 S S 0 15
93120318 3 7.3N 150.2E 30 85 152 1%4 219 246 222 0 5 S 5 0 15
93120400 4  7.5N 148.1E 30 5 72 102 111 87 221 ¢ 5 S5 0 0 15
93120406 S 7.7N 146.0E 30 23 .; 87 76 122 290 0 -5 -5 -5 0 10
931204912 6 7.8N 144.0E 35 13 30 66 84 188 344 -5 -10 =10 -5 5 10
93120418 7 8.1N 142.2E 40 16 32 54 128 185 393 -5 -5 -5 0 10 10
93120500 8 8.6N 140.5E 45 12 13 43 115 192 452 -5 0 15 25 10
93120506 9 9.3N 138.8E 50 8 51 67 84 79 183 0 10 20 20 O 4
93120512 10 10.0N 137.1E 55 8 38 63 15 129 257 S 15 20 20 -5
93120518 11 10.7N 135.2E 60 16 70 105 135 202 315 10 20 20 15 -5
93120600 12 11.6N 133.6E 60 37 140 180 307 460 674 15 26 15 0 -25

93120606 13 12.7N 133.0E 60 8 23 89 210 376 5S40 5 -5 -19 -25 -50
93120612 14 13.6N 132.1E 55 16 13 62 156 283 466 ) 0 -15 -30 -75
93120618 15 14.2N 131.0E 55 8 32 111 233 352 486 0 -5 -20 -30 -70
93120700 16 14.9N 130.2E 55 24 75 146 248 329 432 0 -10 -25 ~-35 -60
93120706 17 15.4N 129.8FE 60 S 37 116 218 359 584 -5 -15 -25 =45 -40
93120712 18 15.9N 129.6E 60 12 80 190 361 554 914 -1G6 -25 -35 -~75 -45
83120718 19 16.3N 129.7E 65 18 111 253 458 674 1036 -5 -15 -25 -45 -70 -30

-
(=2}
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z
—
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O
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m
~
(=]
[s<]

93120800 20 49 149 233 288 301 -5 -15 -25 -65 ~45 20
93120806 21 16.3N 130.1E 75 5 66 171 243 287 310 -10 -35 -60 -25 30
93120812 22 15.9N 129.9E 80 8 97 144 196 209 264 0 -30 -15 0 35

93120813 23
93120900 24
93120906 25

—
w
(8]
=z
—
N3
(o]
-
m
<<
(=)

16 78 122 188 234 311
11 35 65 99 121 185
34 70 82 111 170

-15 -40 -16 15 40
-40 -30 -15 10 30
-30 -15 -5 20 35
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93120912 26 13.3N 126.4E 120 5 18 0 50 117 158 - 0 10 20 20 35 .
93120918 27 12.8N 125.2E 115 11 6 8 48 108 125 S 20 25 30 25 35
93121000 28 12.5N 124.0E 105 13 36 34 34 50 85 0 10 25 25 40 45
93121006 29 12.5N 122.8E 85 30 42 37 34 30 74 0 15 30 35 45 40
93121012 30 12.5N 121.8E 80 21 13 60 67 46 37 0 20 25 40 45 35
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TYPHOON MANNY (36W) (CONTINUED)

2

93121018 31 12.3N 120.9E 65 26 74 128 121 109 146 0 15 20 25 30 20
93121100 32 12.0N 120.0E S0 41 106 125 109 128 196 5 15 25 25 30 25
93121106 33 11.5N 119.2E 40 13 51 S8 76 106 204 5 10 20 20 20 25
93121112 34 10.9N 118.5E 40 23 30 77 82 80 153 0 10 S5 15 10 15
93121118 35 10.6N 117.8E 35 54 104 168 201 224 258 0 0 0 -10 -15 =10
'312120C* 36 10.6N 117.0E 30 45 83 117 156 0 o0 0 -0
»3121206 37 10.7N 116.3E 30 36 42 36 36 54 267 0 5 5 S5 10 10
93121212 38 10.9N 115.6E 30 s 18 21 66 199 1354 0 5 0 10 10 -5 -
93121218 39 10.9N 114.95 30 6 30 42 138 280 380 0 0 0 10 o0 -5 "
93121306 40 10.8N 114.1E 30 26 32 77 216 335 0-10 0 0 -10 £
93121306 41 10.8N 113.3E 35 18 26 109 247 311 0 -5 5 0 -10
93121312 42 10.8N 112.5E 40 11 48 165 268 -5 5 0 0 -
93121318 43 10.7N 111.6E 40 26 102 233 305 -5 0 -5 -10
93121400 44 10.2N 110.6E 35 48 178 281 -5 -10 -10 )
93121406 45 9.4N 109.3E 35 69 200 253 251 -5 -5 -5 -9
93121412 46 8.4N 107.8E 35 91 198 225 -5 0 0
93121418 47 7.6N 106.1E 35 114 178 199 -5 0 0
93121500 48 7.2N 104.6E 30 43 42 85 0 5 o
93121506 49  7.1N 103.2E 30 5 75 -5 0
93121512 S0  7.3N 102.0E 25 24 43 0 -5
AVERAGE 26 69 117 164 219 324 2 8 1 17 21 26
¥ CASES 50 50 48 44 40 38 50 S0 48 44 40 38
* D Harnlnq Issueqd
TYPHOON NELL (37W)
WRN BEST TRACK POSITION ERRORS WIND ERRORS
IG NO. IAT LONG WIND 00 12 24 3¢ 48 22 Q0 12 24 36 48 12
@3122312* 1  7.3N 140.0E 30 0 30 67 100 -5 -10 -15 -20
93122400% 2 7.7N 137.7E 35 18 47 86 148 -10 -20 -20 -35
93122412* 3 8.3N 135.3E 45 18 24 63 104 -15 -20 -35 -40
93122500 4 8.5N 132.7F SO 17 51 86 90 122 126 ~-15 -20 -20 -10 -15 5
93122506 5 8.5N 131.3E 60 13 24 53 101 134 93 -15 -10 -10 -10 -10 15
93122512 6 B.6N 129.8E 65 13 43 102 181 205 96 -10 -15 -5 -5 -5 15
93122518 7 8.8N 128.3E 65 29 74 145 214 207 -5 -5 0 0 -5 )
93122600 8 9.2N 126.8E 70 11 43 102 121 72 -5 -10 -1 -5 10 S
93122606 9 9.7N 125.5€ 65 21 59 98 101 70 0 -5-10 0 20
93122612 10 10.3N 124.3E 65 18 36 25 54 151 0 -5 -5 10 30
93122618 11 10.9N 123.1E 65 5 13 32 109 0 5 10 25
93122700 12 11.6N 122.1E €5 34 66 141 248 0 10 20 30
93122706 13 12.0N 121.1E 60 23 56 131 0 5 20 ;
93122712 14 12.1N 120.0E 55 34 117 208 0 10 20 -
93122718 15 11.9N 119.0E 50 5 36 0 15 :
93122800 16 11.5N 118.1E 40 1§ 50 0 5
93122806 17 11.0N 117.1E 30 18 0 ’
AVERAGE 18 49 96 131 138 104 5 11 15 16 14 12 .
# CASES 17 16 14 12 7 3 17 16 14 12 7 3

¢ 7D Warning issued
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6.2.2 NORTH INDIAN OCEAN
This section includes verification
statistics for each warning in the North Indian
Ocean during 1993.

JTWC FORECAST TRACK AND INTENSITY ERRORS BY WARMING

- TROPICAL CYCLOME OlR
WRN BEST TRACK POSITION ERRORS WIND ERRORS
PIG NO. IAT IONG WIND 00 12 24 36 48 12 Q0 12 24 36 48 1z

93111218 1 15.3N 64.9E 40 47 71 149 258 395 651 -5 -10 -10 -20 -15 15
* 93111300 2 16.0N 64.3E 45 31 29 61 165 258 396 -5 -10 -10 -15 0 35
93111306 3 16.8N 63.7E 55 16 59 148 2307 305 0 0o -5 0 15
93111312 a 17.6N 63.3E 60 33 99 196 279 342 0 -5 -i0 10 20
93111318 S 18.4N €3.1E 65 47 123 219 286 360 0 -5 5 20 30
93111409 6 19.3N 6€3.2E 70 12 78 144 195 243 0 -5 15 30 4¢
93111406 7 20.1N 63.6E 175 33 96 139 174 0 0 25 35
93111412 8 20.9N 64.2E 80 18 55 114 234 5 30 50 35
93111418 9 2i.6N 64.8E 75 30 72 162 10 30 25
93111500 10 22.2N 65.4E 65 55 163 356 15 0 -5
93111506 11 22.6N 66.1E 55 6 78 -5 0
93111512 12 22.7N 66.8E 45 36 124 0 S
93111518 13 22.6N 67.5E 35 48 S
93111600 14 22.3N 67.9E 25 S S
AVERAGE 30 88 169 228 318 524 4 8 16 21 20 25
# CASES 14 12 10 8 6 2 14 Jz 10 8 6 2

TROPICAL CYCLONE O2R
WRN BEST TRACK POSITION ERRORS WIND ERRORS

DTG NO. LAT LONG WIND Q0 12 24 36 48 22 00 12 24 36 48 12
93113012 1 7.6N ©1.8E 25 16 17 53 89 118 167 5 5 10 10 5 =25
93113018 2 7.8N 90.9E 30 8 30 59 89 133 185 0 5 S 5 0 -40
93120100 3 8.0N 89.9E 30 77 131 185 227 249 251 0 5 5 0 -5 -35
93120106 4 8.2N 89.1E 30 85 139 183 244 274 221 0 0 G -5 -25 -40
93120112 5 8.3N 88.2E 30 46 81 124 147 157 65 ¢ -5 -10 -15 ~-25 -30
93120118 6 8.5N 87.4E 35 50 66 85 93 81 29 -5 -10 -20 -30 -45 -20
93120200 7 8.7N 86.6E 35 24 42 7 90 69 150 -5 -10 -20 -35 -40 -10
93120206 8 8.8N 85.8E 40 21 S5 75 1 38 136 -5 -10 -15 =30 -25 -5
93120212 9 8.9N 85.1E 45 6 29 38 37 96 239 -10 -15 -IS5 -30 -20 0
93120218 10 9.0N 84.3E 50 25 46 45 63 138 277 -10 -20 -35 -25 -5 0
93120300 11 9.1N 83.4E 55 18 26 51 110 165 0 -5 -10 -5 =5
93120306 12 9.3N 82.6E 60 0 26 74 115 150 0 -10 -5 -10 0
93120312 13 9.6N 81.8E 65 18 48 108 151 178 -5 =5 5 0 0
93120318 14 9.9N 81.1E 75 32 78 140 189 197 -15 0 20 5 0
93120400 15 10.5N 80.4E 70 37 96 149 195 -5 5 0 0 .\
. 93120406 16 11.2N 79.6E 65 13 42 76 138 10 Q 0 -5
93120412 17 11.8N 78.5E 55 11 53 105 15 10 0 -
93120418 18 12.4N 77.4E 40 42 77 164 10 10 0
. 93120500 19 13.0N 76.3E 30 6 29 0 0
. 93120506 20 13.6N 75.2E 25 6 26 0 0
93120512 21 14.0N 74.1E 25 6 0
93120518 22 14.2N 73.0E 25 S o]
AVERAGE 26 57 100 129 146 173 5 7 10 13 14 21
# CASES 22 20 18 16 19 10 22 20 18 16 14 10
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6.2.3 SOUTHERN HEMISPHERE and western South Pacific Ocean from 1 July
This section includes verification 1992 10 30 June 1993.
statistics for each warning in the South Indian

JTWC FORECAST TRACK AND INTENSITY ERRORS BY WARNING
TROPICAL CYCLONE 01S (AVIONA)

WRN BEST TRACK POSITION ERRORS WIND ERRORS
DIC NO, IAT LONG WIND 00 12 24 36 48 12 Q0 12 24 36 48 12 -
92092712 1 8.55 88.CE S0 13 46 112 179 224 -15 -20 -1% ~-10 -5
92092800 2 9.25 B87.3E 65 18 56 120 178 216 -5 0 10 25 30
92092812 3 10.25 86.7E 65 6 29 66 117 149 0 S 20 30 35
92092900 4 11.5S B86.1E 60 18 36 60 96 110 S 15 20 20 20 v
92092912 S 12.7$ 85.1K 50 53 60 47 51 60 10 10 10 10 10
92093000 6 13.7S 84.1kE 45 11 25 37 16 10 10 10 1i0
92093012 7 14.55 82.9E 40 16 5 13 0 -5 -5
92100100 8 14.85 81.3E 35 22 46 0 0
AVERAGE 20 38 65 107 152 6 8 13 18 20
# CASES 8 8 1 6 5 8 8 7 6 5

TROPICAL CYCIONE 02S (BABIE)
WRN BEST TRACK POSITION ERRORS WIND ERRORS

o1g NO, LAT LONG WIND Q0 12 24 36 48 12 00 12 24 3% 48 12
92101818 1 10.2S 81.8E 30 54 126 173 243 287 0 5 5 5 15
92101906 2 10.85 8l1.6E 35 13 26 51 79 96 5 S 10 25 30
92101918 3 11.45 81.4E 40 79 153 202 242 S 5 1% 30
92102006 4 12.08 B8l.2E 45 S6 85 128 S 15 30
92102018 5 12.6S 80.7E 40 101 145 10 15
92102106 6 13.1S 79.8E 35 13 0

AVERAGE 53 108 139 189 192 4 9 15 20 22
# CASES 6 5 4 3 2 6 5 4 3 2

TROPICAL CYCIANE Q3P (JONI)

WRN BEST TRACK POSITION ERROCRS WIND ERRORS
RIG  NO. [AT IONG WIND Q0 12 24 36 48 J2 Q0 12 24 36 48 12

92120600 1 9.85 180.0W 40 21 32 80 142 161 0 -5 0 -5 -25
92120612 2 10.68 179.9E 50 5 25 73 90 107 0 -5 ~10 -25 -30
92120700 3 11.78 179.5E 55 16 54 61 81 112 0 -5 -15 -25 -30
9212072 4 12.78 178.5E €5 8 51 79 91 118 0 -20 -25 -25 -30
92120800 S5 13.25 177.%E 85 13 47 112 206 304 0 5 10 1¢ 0
92120812 6 13.95 177.3E 95 17 37 96 183 303 0 0 5 5 5
92120900 7 14.88 176.8E 100 11 28 54 92 132 0 -5 -15-15 -5
92120912 8 15.85 176.6E 105 11 12 54 105 162 -10 ~-15 -15 -5 -5
92121000 9 16.85 176.6E 110 11 16 34 61 102 0 S 20 15 5
92121006 10 17.4S 176.8E 110 8 42 68 113 144 0 10 15 10 0
92121012 11 17.9S8 177.1E 105 11 40 82 152 207 5 20 15 15 S .
92121018 12 18.4S 177.5E 95 18 38 74 101 132 10 20 20 20 15
92121100 13 18.9S 177.9E 85 5 18 73 139 0 -10 -15 -25
92121112 14 19.85 179.0E 75 12 46 113 301 -5 -5 -10 -10
92121200 15 20.5S 179.4W 65 5 49 199 0 0 0 .
92121212* 16 22.4S 177.5W 55 17 126 0 -5
92121218* 17 26.9S 175.0W 40 68 0

AVERAGE 15 41 84 133 166 2 9 13 15 13

# CASES 17 16 15 14 12 17 16 15 14 12

* Warning lssued By NAVPACMETOCCEN




TROPICAL CYCIOME 048
WRN BEST TRACK POSITION ERRORS WIND ERRCRS

I MO, AT LONG MWIND Q0 12 24 3¢ 48 12 Q0 12 24 36 48 12
92120718 1 8.6S 49.3E 35 | 59 93 128 163 0 5 10 20 30
92120800 2 8.65S 48.7E 35 18 26 40 84 135 0 5 10 20 30
92120806 3 8.6S 4B8.1E 35 21 40 67 114 168 0 S 10 10 10
92120812 4 8.5 47.6E 35 25 30 51 97 163 0 5 10 10 10
92120818 5 8.55 47.1E 35 32 66 118 152 241 0 10 10 15 10
. 92120900 6 8.55 46.6E 35 41 78 120 170 296 0 10 5 S 0
92120906 7 8.55 46.1E 30 17 45 76 159 5 5 5 5
92120912 8 8.4 45.6E 30 53 89 135 240 5 0 0 0
92120918 9 8.45 45.2E 30 17 18 94 5 5 0
- 92121000 10 8.48 44.7E 30 33 42 81 0 0 0
92121006 11 8.25 44.1E 25 11 64 0 0
92121012 12 7.8 43.5E 2% 11 99 0 -10

AVERAGE 27 55 88 144 195
# CASES 12 12 10 8 6 12

-
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TROPICAL CYCIONE 0SS (KEN)

WRN BEST TRACK POSITION ERRORS WIND EPRORS
DIG NO. IAT LONG WIND 00 12 24 36 48 22 Q0 12 24 36 48 12

92121912 1 12.65 96.0E 35 S3 93 146 192 196 0 0 10 20 25 .

92122000 2 13.6S 94.5E 45 29 55 47 66 142 0 5 5 10 20 -

92122012 3 15.08 93.4E 40 29 64 107 168 270 0 -5 -5-10 -5

92122100 4 16.05 91.9E 40 34 63 115 189 240 0 0 0 10 25

92122112 S 16.1S 90.4E 40 21 98 200 272 314 0 0 0 5 5

92122200 6 15.55 88.8E 40 18 92 169 230 0 5 10 O

92122212 7 14.4S 8€.6E 35 24 55 70 0 S 0

92122300 8 13.7S 84.2E 25 21 21 0 5

92122312 9 13.55 8l.8E 2% 6 0 —
AVERAGE 26 68 123 186 233 0 3 4 9 16
# CASES 9 8 1 6 S 9 8 7 6 5

TROPICAL CYCLANE 06P (NINA)
WRN BEST TRACK POSITION ERRORS WIND ERRORS
DIG NO. LAT LONG WIND 20 12 24 3¢ 48 12 9 12 29 3¢ 48 L2

92122318 1 11.9S5 139.8E 35 11 45 88 125 160 0 0 -5-10 10
92122406 2 12.55 140.5E 40 18 65 110 147 195 5 0 -5 15 25 .
92122418 3 13.55 141.0E 50 18 23 32 72 124 S -5 S 10 10 -
92122500 4 14.08 141.2E 55 17 48 106 162 247 15 20 20 10 5
92122506 5 14.25 141.5E 60 13 60 118 174 264 5 20 25 15 0
92122518 6 14.4S 142.0E 45 13 24 18 46 88 20 15 5 -15 -20
92122606 7 14.45 142.6E 35 5 29 69 108 120 10 10 0 -10 -20
92122618 8 14.25 143.1E 30 11 62 112 128 154 15 5 =5 -20 -30
92122706 9 13.7S8 143.9E 35 0 24 13 24 75 0 0 0 0

92122718 10 13.2S 145.0E 40 11 42 96 163 209 -
92122806 11 13.4S 146.2F 50 5 13 46 64 S
92122818 12 13.85 147.7E 60 16 S5 79 36 18
92122906 13 14.4S 149.7E 65 29 48 23 75 112 -
92122918 14 15.1S 151.3E 65 8 100 175 260 338
92123006 15 14.5S 152.6E 70 S 26 53 108 167
92123018 16 13.85 153.7E 65 5 32 77 119 180
92123106 17 13.1s 155.2E 65 24 74 126 198 316
92123118 18 12.35 156.9E 70 18 47 103 201 322
93010106 19 11.75 159.2E 70 35 104 228 382 597
93010118 20 11.55 162.2E 175 18 58 142 260 424
93010206 21 11.4S 166.1E 75 35 106 240 399 504
93010218 22 11.45 170.6E 70 13 75 181 253
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TROPICAL CYCLOME O6P (NIMA) (CONTINUED)

93010300 23 11.6S 173.3E 65 5 29 75 254 0 S 5 0

93010306 24 11.9S 176.0E 60 34 105 222 448 0 0 0 5

93010312 25 12.3S 179.0E 55 17 12 62 0 5 1n

93010318 26 13.1S 178.0W SO 8 41 102 5 10 10

93010406* 27 16.58 173.2W 40 29 100 0 10

93010418* 28 21.3S 169.3W 25 185 -5
AVERAGE 22 54 104 175 221 4 2 8 10 14 -
# CASES 28 27 26 24 21 28 27 26 24 21

* Warning Issued By NAVPACMETOCCEN

TROPICAL CYCLONE 07P (KIMNA) -
WRN BEST TRACK POSITION ERRCRS WIND ERRORS
DIG NO. IAT IONG WIND 00 12 24 36 48 12 Q0 12 24 3¢ 48 Iz
92122618 1 10.08 170.0E 35 13 S 18 33 S3 0 S S -5 -10
92122706 2 11.1S 170.5E 40 13 32 79 135 201 S S -5 -10 -10
92122718 3 12.18 170.8E SO 13 18 24 50 90 5 -5 -15 -20 -10
92122806 4 12.95 171.4E 70 29 58 88 112 157 -10 -20 -30 -25 -5
92122818 5 13.5S 172.0E 90 24 55 121 212 303 10 0 0 10 20
92122906 6 14.18 172.6E 110 5 45 95 146 188 0 S 15 25 30
92122918 7 14.58 172.7E 120 8 31 63 100 127 0 5 15 20 1S
92123006 8 14.85 172.5E 115 18 55 96 175 269 10 15 25 25 20
92123018 9 15.0S 172.4E 105 g 11 29 86 153 10 15 20 25 20

92123106 10 15.2S 172.6E 95 6 26 68 130 192
92123118 11 15.6S 173.1E 90 18 48 115 176 226
93010106 12 15.9S 174.2E 85 8 55 90 91 90
93010112 13 16.0S 174.9E 85 0 18 16 18 30
93010118 14 16.1S 175.6E 80 8 31 70 120 177
93010200 15 16.3S5 176.4E 85 21 50 91 161 211
) 93010206 16 16.65 177.3E 90 18 36 62 124 185
93010212 17 17.1S 178.2E 100 8 41 79 98 129
93010218 18 17.7S 179.2E 100 17 28 62 175 327
93010300 19 18.55 179.7W 95 8 46 76 102 264
93n10306 20 19.35 178.4W 90 11 44 132 29
5 0318 21 21.75 175.7W 75 16 17 104

0406* 22 24.35 173.0W 60 57 37
9 .0418% 23 28,18 170.6W S0 152

-5 -5 -25 -40

-5 -25 -25 -25
-10 -25 -20 -15
-20 -20 -15 -5
-20 -15 -S 0
10 5
-5 -5 -5 0

OO OoOULMOULULOOOOoWn
w
o

10 10 5
10 10

AVERACFE, 21 36 75 127 177 4q 8 13 15 14
# CASES 23 22 21 20 19 23 22 21 20 19
* Warnir Tssued By NAVPACMETOCCEN
TROPICAL CYCLOME O8P
WRN BEST TRACK POSITION ERRORS WIND ERRORS
IG NO. IAT LONG WIND Q0 12 24 36 48 22 00 12 24 36 48 12 -~
93010200* 1 18.55 161.0Ww 30 49 194 353 0 -10 10
93010212* 2 19.9S5 156.7W 45 45 55 5 10 .
93010300* 3 21.1S 152.1W 35 39 0
AVERAGE 45 125 353 2 10 10
# CASES 3 2 1 3 2 1

* Warning lssued By NAVPACMETOCCEN
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TROPICAL CYCLONE 099
WRN BEST TRACK POSITION ERRORS WIND ERRORS

DIe NO., ILAT LONG WIND 00 12 24 36 48 12 00 12 24 236 48 12
93011118* 1 12.0S 149.3W 30 6 111 179 216 393 0 5 15 30 40
93011206* 2 11.4S 152.1W 30 26 106 373 671 0 S 15 30
93011218* 3 12.6S 154.3Ww 30 88 348 669 10 20 25
93011306* 4 15.6S 153.6W 25 29 62 5 5
93011318* S5 18.7S 151.9W 25 30 0

AVERAGE 36 157 407 444 394 3 9 18 30 40
# CASES 5 4 3 2 1 5 4q 3 2 1

* Warning Issued By NAVPACMETOCCEN

TROPICAL CYCLONE 10S (COLINA)
WRN BEST TRACK POSITION ERRORS WIND ERRORS

RIc NO. LAT LONG WIND 90 12 24 3¢ 48 & Q0 12 24 3¢ 48 12
93011418 1 10.78 67.4E 35 21 41 91 118 141 0 -5 -5 5 20
930115046 2 11.38 66.0E 45 8 42 42 46 B3 0 -5 0 10 20
93011518 3 11.65 64.3E 55 44 118 168 178 179 -5 0 10 20 20
93011606 4 12.1S 63.1E 55 55 84 134 183 211 0 S 5 -5 -5
93011618 5 12.88 61.9E 50 25 51 40 85 168 0 0 0 0 -10
93011706 6 13.7% 60.3E 50 13 34 25 90 150 0 -5 0 -10 -25
93011718 7 14.08 5S8.S£ 5% 6 42 117 174 237 [o] 5 0 -20 -25
93011806 8 15.28 S57.4E S5 13 79 127 1938 320 0 -5 -20 -30 -20
93011818 9 17.28 56.5E 65 24 49 99 183 299 -5 -15 -20 -15 [¢]
93011906 10 19.0S 55.5E 85 12 13 60 192 311 0 -5 5 20 25
93011918 11 21.1S 54.9% 95 24 108 236 3956 10 20 35 30
93012006 12 24.28 55.1E 90 28 141 2717 0 10 5

~ 93012018 13 27.58 57.3E 15 [3 24 0 -5
. 93012106 14 30.3S 61.2E &5 11 [o]
AVERAGE 21 64 118 164 211 1 7 9 15 17
# CASES 14 13 iz 11 10 14 13 12 11 10
TROPICAL CYCLONE 11S (DESSILIA) -
WRN BEST TRACK POSITION ERRORS WIND ERRORS o

=Ie NG, IAT IONG WIND Q0 12 24 36 48 12 Q0 12 24 3¢ 48 12
93012012 1 20.7s 43.1E 35 48 172 0 10
93012100 2 21.7S 45.5E 25 6 5

AVERAGE 27 173 3 10
# CASES 2 1 2 1

TROPICAL CYCLONE 125 (EDWINA)
WRN BEST TRACK POSITION ERRORS WIND ERRORS
LI NO. LAI IONG WIND 00 12 24 3¢ 4R

R
B8
K
B
B
ks
N

93012018 1 12.1S 84.7E 35 48 88 142 217 296 0 -10 -10 -10 -10
. 93012106 2 12.7S 83.SE 45 21 3T 70 118 188 0 0 5 o0 O
93012118 3 13.1S 82.0E S0 29 70 123 188 241 0 5 0 0 -15
93012206 4 13.3S B0.1E 50 6 18 34 S8 78 5 0 0 -20 -40
93012218 5 13.58 77.8E 55 13 36 55 67 82 0 0 -20 -40 -35
. 93012306 6 13.7S 75.4E 60 35 58 84 91 110 -5 -20 -45 -45 -35 .
93012318 7 14.0s 73.0E 80 26 42 79 105 109 0 -10 O 10 15 i
93012406 8 14.5S 70.6E 105 29 29 41 77 96 -5 -10 10 20 20
93012418 9 15.0S 68.4E 110 40 57 75 79 43 -10 35 40 30 20
. 93012506 10 15.5S 66.2E 100 13 42 79 111 136 10 10 15 10 O
- 93012518 11 16.0s 64.1E 95 i 26 67 84 83 5 5 0 -1% -20 co
93012606 12 15.98 62.5E 90 37 56 62 58 57 S 0 -10 -15 -20
93012618 13 18.2S 61.0E 90 16 3¢ 35 40 91 0 0 0 -5-15
93012706 14 19.9S €0.0E 100 45 71 74 42 113 0 0 -5 -5 0




TROPICAL CYCLOME 128 (EDWIMA) (CONTINUED)

93012718 15 22.0S S9.6E 100 18 54 145 222 235 0 -5 -5 0 10
93012806 16 24.6S S9.3E 95 48 103 174 220 -5 -10 -5 10
93012818 17 28.0S S59.4E 90 31 85 177 -5 5 20
93012906 18 31.7S S59.0E 75 13 43 0 10
93012918 19 35.35 S8.8E S50 €0 15
AVERAGE 29 53 90 112 131 4 8 11 15 17
# CASES 19 18 17 16 15 19 18 17 16 15

TROPICAL CYCIOME 138 (LERA)
WRN BEST TRACK POSITION ERRORS WIND ERRORS
DIG NO. IAT IONG WIND Q0 12 24 36 48 12 24 3% 48 12 -

B
K

93012412 1 14.85 119.5E 35 S52 42 13 cC 66 0 ~5 -5 0 10
93012500 2 15.38 118.9E 45 39 S8 53 8 61 0 S 10 25 40
93012512 3 15.95 118.9E SO 13 28 70 120 150 S 0 15 25 35
93012600 4 16.2S 118.1E S5 32 18 81 131 199 0 10 20 30 40
93012612 5 15.9S 117.1E SO 29 84 161 247 351 -5 -5 0 10 30
93012700 6 15.4S 116.1E 50 42 83 147 219 226 0 0 10 30 40
93012712 7 15.58 114.5E S0 16 36 94 63 48 0 S 20 35 45
93012800 8 15.7S 112.7E 50 29 52 23 67 176 0 15 25 35 45
93012812 9 15.98 110.5E 40 40 32 77 155 0 0 -5 -10
93012900 10 15.95 109.4E 35 0 67 151 235 ¢ 0 -5-10
93012912 11 15.85 108.8E 35 13 59 -5 -10

AVERAGE 28 51 87 125 160 1 5 12 21 36

# CASES 11 1 10 10 8 11 11 10 10 8

TROPICAL CYCIONE 14P
WRN BEST TRACK POSITION ERRORS WIND ERRORS

oG NO, LAT IQNG WIND Q0 12 24 36 48 12 Q0 12 24 36 48 12
93012606 1 13.4S 137.0E 30 38 133 213 294 408 0 0 10 30 40
93012618 2 14.28 135.7E 35 13 39 84 146 224 0 0 5 5 10
93012706 3 14.58 134.4E 35 41 88 148 208 263 0 10 5 10 10
93012718 4 15.08 133.2E 25 6 8 0 -5
93012806 5 15.5S 131.8E 25 21 117 0 0
93020600** 6 22.7S 112.7E 35 6 8 75 175 257 0 0 10 20 30
93020612 7 22.48 111.1E 35 6 53 144 239 234 0 5 15 20 20
93020700 8 21.6S 108.6E 30 8 57 0 5

AVERAGE 18 58 133 213 278 0 3 9 17 22
4 CASES 8 8 S 5 5 8 8 5 5 5
** Regenerated Warning
TROP.CAL CYCLOME 15P (LIN)
WRN BEST TRACK POSITION ERRORS WIND ERRORS

fosne] NO. LAT IONG WIND Q0 12 24 3¢ 48 22 00 12 24 36 48 Iz
93013100* 1 12.6S 173.8W 35 58 26 24 136 444 10 10 -5 -20 -40 .
93013112* 2 13.85 172.0W 50 31 91 117 143 132 -10 -20 =20 -25 -20
93020100 3 15.5S 170.5W 65 18 29 21 36 133 -20 -15 -25 =20 10
93020112* 4 17.45 169.5W 175 24 136 299 452 681 -10 -25 -20 10 15
93020200* 5 19.2S 168.2W 90 48 138 234 347 510 -5 S5 35 45 55 .
93020212* 6 20.6S 166.7W 85 86 142 233 366 5 30 40 40
93020300* 7 21.5S 165.3W 55 23 93 204 0 0 0
93020312* 8 22.58 165.0W 40 40 121 5 5
93020400* 9 23.2S 165.3W 30 13 0

AVERAGE 38 98 162 247 380 7 14 21 27 28
# CASES 9 8 17 6 5 9 8 7 6 5

* Warning Issued By NAVPACMETOCCEN




TROPICAL CYCLCONE 16P (OLIVER)

WRN BEST TRACK POSITION ERRORS WIND ERRORS
DI No. IAT IONG WIND Q0 12 24 36 48 22 Q0 J2 29 36 48 12
93020418 1 14.95 150.0E 35 21 42 54 109 158 0 -5 -15 -25 -25 :
93020506 2 14.6S 150.0E 45 34 68 139 219 252 0 -5 -25 -30 35 —
93020518 3 15.25 150.6E 60 13 42 75 7 75 5 =-S5 0 0 -10
93020606 4 15.6S 151.4E 30 5 30 45 71 84 -5 ~10 -10 -25 -30
93020618 5 16.1S 152.1E 90 26 83 149 166 151 -5 -15 -35 -35 -30
. 93020706 6 16.85 152.2E 100 11 37 55 78 111 -10 -25 -3C -20 -20
93020718 7 17.4S 151.9E 115 11 18 58 130 229 -5 -5 0 5 10
93020806 8 18.08 151.9E 115 8 18 56 107 167 -5 5 5 15 25
93020818 9 18.6S 152.0E 100 8 36 73 109 127 o] g 10 25 30
' 93020906 10 19.4S 152.6E 95 0 26 64 88 105 0 10 20 25 30
93020918 11 19.8S 153.4E 80 IN 8 13 28 45 0 S 10 15 15
93021006 12 20.0S 154.2E 65 21 49 94 151 241 0 o 10 10 S
93021018 13 20.5S 154.8E 55 6 23 53 103 189 0 10 10 5 10
93021106 14 21.1S5 155.2E 40 17 46 106 -5 -5 -10
93021118 15 21.8S 155.5E 35 17 37 94 203 0 0 0 0
93021206 16 22.7S 155.4E 35 16 7 207 5 5 10
93021218 17 22.95 154.4E 30 47 152 5 5
AVERAGE 17 47 84 118 149 3 7 13 17 21
# CASES 17 17 16 14 13 17 17 16 14 13
TROPICAL CYCLONE 17P (MTCK)
WRN BEST TRACK POSITION ERRORS WIND ERRORS
RIG BO. IAT IONG WIND Q0 12 24 36 48 J2 Q0 12 24 3% 48 12
93020518* 1 17.1S 172.6W 30 €5 96 112 150 184 10 10 1S -5 -5
93020606* 2 18.3S 173.7W 35 30 69 100 111 128 -5 -5 -15 -20 -20
93020518+ 3 18.7S 175.5W 35 18 62 150 194 282 0 S 5 o] 0 :
93020706* 4 19.25 177.2W 45 S6 74 195 372 491 0 15 10 10 S )
93020718* S5 20.5S 178.5W 45 74 112 120 764 -10 0 S 0
93020806* ¢ 22.38 179.6W 45 64 87 125 -10 5 S
93020818 7 24.0S 179.4E 40 30 52 -10 -10
93020906* 8 25.4S 178.6E 35 55 -5
AVERAGE 49 79 134 319 264 6 7 9 7 8
# CASES 8 7 6 5 4 8 7 6 5 4

* Warning issued By NAVPACMETOCCEN

TROPICAL CYCLONE 18P (NISHA)
WRN BEST TRACK POSITION ERRORS WIND ERRORS

DIG  No. IAT IONG WIND 90 12 24 36 48 12 QO¢ 12 24 36 48 12
93021200 1 12.8S 165.2W 25 67 133 1-0 96 49 5 5 -5 -5 -5
93021212* 2 15.4S 164.2Ww 30 41 181 299 457 582 0 -10 -1% -25 -30
93021300* 3 17.6S 163.4W 45 24 101 182 219 195 10 10 ~-10 -25 -30
93021312* 4 19.1S 162.1W 50 18 94 194 308 402 0 -5 -15 -20 -20
- 93021400* S5 20.2S 159.9W €0 45 107 196 269 295 -20 -30 -30 -25 -20
93021412« 6 21.7S 156.9W 65 53 96 135 137 17 0 -5 -10 -10 0
93021500* 7 23.5S 153.4W 60 17 24 85 297 -5 -5 -5 5
93021512* 8 25.85 149.8W 50 16 129 365 0 -5 5 .
- 93021600* 9 28.5S5 146.6W 45 24 240 0 10 .
93021612* 10 32.15 145.3wWw 30 67 S
AVERAGE 38 123 199 255 283 S 9 12 16 18
# CASES 10 9 8 7 6 10 9 8 7 6

* Warning lIssued By NAVPACMETCCCLN
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TROPICAL CYCLOME 198 (FINELIA)

WRN BEST TRACK POSITION ERRORS WIND ERRORS
RIS NO. IAT 1ONG WIND 00 12 24 36 48 12 90 12 24 3¢ 48 2

93021306 1 22.78 S1.1E 40 37 76 185 304 351 0 -5 -5 S 10

93021318 2 24.58 S2.6E 60 37 72 114 126 89 -1% =20 -5 0 -10

93021406 3 26.2S S4.8E 75 6 28 132 161 155 -5 5 10 5 0 )

93021418 4 27.9S S56.9E 75 13 80 97 98 0 5 5 10

93021506 S 29.8S 57.5E 65 26 110 154 S 5 10

93021518 6 31.1S S8.7E 55 6 3 0 5 .
AVERAGE 21 67 137 173 199 q 8 7 5 7
¢ CASES 6 6 S 4 3 6 6 5 4 3

TROPICAL CYCIONE 20P (OLI)
WRN BEST TRACK POSITION ERRORS WIND ERRORS

RIS No. 1Al IONG WIND Q0 12 24 3% 48 12 0 12 24 36 48 12
93021612 1 17.5S 176.7E 40 39 58 90 142 -5 =5 5 30
93021700 2 19.4S 178.0E SO 5 11 64 0 5 5
93021712 3 21.7S 179.6E 50 11 52 0 5
93021800 4 24.1S 178.4W 40 8 0

AVERAGE 16 41 78 143 1 s 5 30
# CASES 4 3 2 1 4 3 2 1

TROPICAL CYCLONE 21P (POLLY)
WRN BEST TRACK POSITION ERRORS WIND ERRORS
DIG NO. IAT IONG WIND Q0 12 24 ¥ 48 12 12 2+ ¥ 48 1L
0

B

93022500 1 15.8S 157.8E 35 8 29 49 74 105 0 -0 =5 0
93022512 2 16.8S 1S8.2E 45 18 16 29 61 109 -5 -10 -5 5 0
93022518 3 17.25 158.4E 55 11 57 104 159 217 0 10 20 20 10
93022600 4 17.5S 158.6E 60 8 12 26 88 161 $ S5 15 15 5
93022612 5 18.0S 159.1E 70 12 29 62 85 64 0 S 5 -5 -15
93022700 6 18.2S8 159.6E 75 34 54 66 53 53 ~10 -20 -30 -40 -35
93022712 7 18.3S 160.1E 85 11 11 39 41 65 0 -5 -10 -10 -15
93022800 8 18.6S 160.3E 95 6 54 88 123 269 -5 -10 -10 -15 =20
93022812 9 19.5S 159.9E 100 16 78 215 376 482 0 5 20 15 S
93030100 10 20.8S 160.3E 95 24 126 310 485 578 $ 10 15 15 25
93030112 11 22.3S 162.2E 90 8 37 92 132 0 -5-10 -5
93030200 12 24.65 165.6E 85 30 69 86 0O -5 0
93030212 13 27.38 169.7E 175 13 16l 0 10

93030300 14 30.25 173.4E 55 11 0

AVERAGE 1S 57 98 153 211 12 14 13
# CASES 14 13 12 11 10 14 13 12 11 10

~N
o

TROPICAL CYCLORE 22F (ROGER)
WRN BEST TRACK POSITION ERRORS WIND ERRORS

DIGS NO. AT IONG WIND 00 12 24 236 48 12 Q0 12 24 36 48 12
93031200 1 10.3S5 157.2E 25 24 62 147 214 263 5 5 5 10 20
93031212 2 11.68 156.3E 30 54 106 173 237 310 0 0 5 15 20
93031300 3 13.3S5 156.2E 40 41 9l 166 227 222 0 5 15 25 20 .
93031312 4 14.78 155.9E 45 Sl 42 45 68 97 0 5 10 15 20
93031400 5 15.95 155.6E 45 34 41 33 86 116 o o 5 15 25
93031412 6 17.18 155.5E 50 8 43 121 148 154 -5 -10 0 10 15
93031500 7 18.7S 155.6E 55 43 111 131 139 150 -5 ~% 5 10 15
93031512 8 20.7S 156.0E 55 34 118 186 254 -10 -5 -10 -20
93031600 9 22.1S 155.8E 50 57 105 154 265 -10 -15 -20 -15
93031612 10 23.1S 155.7E 50 20 45 94 229 435 -0 -15 -10 -5 -5
93031700 11 24.25 155.7E SO 23 94 206 326 -5 -5 -5 -5
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TROPICAL CYCIONE 22P (ROGER) (CONTINUED)

93031712 12 24.2S5 156.2E 45 22 95 163 =5 =5 -5
93031800 13 23.4S 157.0E 40 20 70 -5 =5
AVERAGE 34 79 135 200 219 5 6 8 131 18
# CASES 13 13 12 11 8 13 13 12 11 8

TRORICAL CYCLONE 23P (PREMA)

. WRN BEST TRACK POSITION ERRORS WIND ERRCRS
DTG NO.  IAT G WIND Q0 42 24 3% 48 12 00 12 24 3% 48 I
93032712 1 14.35 171.%E 40 11 5 26 62 100 0 -10 -40 -60 -65
93032800 2 14.95 171.0E €0 13 6 50 5 81 0 -25 -45 -50 -5%
. 93032812 3 15.45 170.3E 95 11 50 75 95 81 -15 -20 -20 -25 -&%
93032900 4 15.95 169.2E 120 28 29 54 91 186 -10 -5 -5 -15 -19%
93032906 S 16.45 168.7E 125 23 13 37 116 260 -5 =5 -1% =10 -5
93032312 6 17.0S 168.2E 125 8 8 38 150 307 -5 -5 -10 -10 0
93032918 7 17.7S 167.8E 125 8 8 95 226 370 -5 -5 -5 0 10
93033000 8 18.5S5 167.5E 125 8 39 172 346 487 -5 -5 0 15 20
93033006 9 19.35 167.4E 125 0 10. 277 469 618 -10 -10 0 15 25
93033012 10 20.3S 167.9E 125 8 78 219 352 453 -15 -10 10 20 20
93033018 11 21.1S 168.8E 120 20 111 229 313 -10 0 15 25
93032100 12 22.0S 170.0E 115 30 104 187 271 -5 15 25 35
93033112 13 24.0S 173.6E 30 18 80 210 10 10 10
93040100 14 25.75 177.8E 70 24 30 0 0
AVERAGE 15 48 129 214 295 7 9 15 23 25
# CASES 14 14 13 12 10 14 14 13 12 10

TROPICAL CYCLONE 24S (JOURDANNE)

WRN BEST TRACK POSITION ERRORS WIND ERRORS
RIG DO, AT IRNG Wi 90 R &4 3 48 2 Q0 12 24 3@ 48 g

93040306 1 14.4S 84.6E 35 17 68 151 222 290 0 10 10 0 -15
93040318 2 14.4S 83.0E 35 S 51 79 106 157 0 0 -10 -25 -35
93040406 3 15.1S 81.3E 45 13 21 13 67 125 0 -i0 -25 -35 -45
93040418 4 16.0S 79.6FE 65 8 18 45 92 190 0 -5 -20 -35 -45
93040506 5 16.7S 77.8E 90 21 43 82 164 269 0 -10 -15 -20 -15
93040518 6 17.6S 76.4E 110 20 24 75 158 241 -5 -10 -10 -10 -5
93040606 7 18.65 75.4E 125 11 75 162 254 363 -5 -5 0 S S
93040¢18 8 19.2S8 75.2E 120 i 58 105 168 241 -5 0 10 10 10
93040706 9 19.6S 175.4E 110 36 90 150 227 318 0 10 10 20 20
95040718 10 19.8S 15.B6E 95 0 8 30 66 97 0 0 5 0 0
93040806 11 20.0S 75.8E 85 12 34 55 61 5 15 15 20
93040818 12 20.25 75.8E 65 49 66 87 0 0 10
93040906 13 20.6S 76.1E 55 8 16 S 20
93040918 14 21.38 76.5E 35 0 0

AVERAGE 16 44 87 145 230 2 7 12 16 20

# CASES 14 13 12 1] 10 14 13 12 11 10

TROPICAL CYCLORME 25S (MONTY)

WRN BEST TRACK POSITION ERRORS WIND ERRORS
. DIG  MQ. LAT LONG WIND 00 12 24 36 48 22 00 12 29 36 48 22
93041018 1 16,1S 105.5E 40 12 74 172 240 267 0 0 15 3% 3%
93041106 2 17.5S 106.2E 50 37 106 158 166 173 0 10 30 30 25
93041118 3 18.85 107.5E 45 5 48 112 0o 5 &
93041206 4 19.35 108.3E 30 18 71 o 0
AVERAGE 18 75 148 204 220 0 4 17 33 30
¥ CASES 4 4 3 2 2 4 4 3 2 2




TROPICAL CYCILOME 268 (KOMITA)

WRN BEST TRACK POSITION ERRORS WIND ERRORS . .
RIG NO. IAI IGNG WIND 00 22 24 3¢ 48 12 QQ 12 24 36 48 12 6K

93050212 1 7.4S 71.4E 45 26 36 45 64 60 -$-10-30¢5s N :

93050218 2 7.78 71.0E S0 29 36 54 90 125 -5 0 -5 -20 -35 o

93050300 3 7.95 70.6E S0 72 91 126 163 202 s 5 0 -10 -25 R

93050306 4 8.2 70.1E S5 72 103 145 180 218 0 0 -5 -10 -30

93050312 S5 8.55 69.6E 55 S1 88 144 214 310 0 -5 -10-10 0 ,

93050400 6 9.25 68.6E 65 70 118 186 276 365 -10 -15 =20 -10 15 .

93050412 7 10.0S 6B8.2E 75 8 42 79 159 260 0 0 S5 15 30

93050500 8 10.7S 6B.3E 85 8 34 96 187 276 -10 0 20 40 40

$3050512 9 11.2S 68.4E 85 16 74 160 227 257 0 15 35 35 25

93050600 10 11.2s 68.6E 70 64 145 218 250 10 30 35 35 -

93050612 11 10.7S 68.9E 45 11 8 8 10 15 15

93050700 12 10.4S 68.7E 35 8 26 5 S .

93050712 13 10.7s 68.3E 30 5 0 ~
AVERAGE 34 €7 115 182 231 5 8 15 22 27 5
# CASES 13 1. 11 10 9 13 12 11 10 9 )

NOTE: Intensity peaked at 93050506 at 90kt between warning times

TROPICAL CYCIAHE 27P (ADEL)
WRN BEST TRACK POSITION ERRORS WIND ERRORS

. DG NO. IAT LONG MIND 20 12 24 3¢ 48 12 Q0 12 24 36 48 12 \
93051306 1 6.25 155.5E 30 48 129 223 270 277 0 -5 0 15 35 R
93051318 2 7.8S 154.0E 40 45 104 146 154 200 -5 0 15 35 35
93051406 3 8.9S 151.8E 45 11 23 73 T1 103 0 5 5 15 25
93051418 4 9.6S 149.9E 40 11 70 65 119 0 S 10 20
93051506 5 10.3S 148.7E 35 17 43 206 0 10 20
93051518 6 10.55 146.7E 30 59 217 5 10
$3051606 7 $.0S i43.8E 25 43 5
RVERAGE 3¢ 98 143 154 194 2 6 10 21 32
4 CASES 7 6 5 4 3 7 6 5 4 3
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7. TROPICAL CYCLONE SUPPORT SUMMARY

7.1 TROPICAL CYCLONE
FORECASTER’S REFERENCE GUIDE

C.R. Sampson, J.-H. Chu
and
R.A Jeffries
Naval Research Laboratory, Marine
Meteorology Division, Monterey, CA

Development of a Tropical Cyclone
Forecaster’s Reference Guide continues. The
guide consists of seven chapters. They are: 1)
Tropical Cyclone Warning Support, 2) Tropical
Climatology, 3) Tropical Cyclone Formation, 4)
Tropical Cyclone Motion, 5) Forecast Aids, 6)
Tropical Cyclone Intensity, and (7)Tropical
Cyclone Structure. The first three chapicrs
have been published as Technical Notes (avail-
able from Naval Research Laboratory (NRL)).
The other four chapters are in preparation. The
chapter-by-chapter publishing format not oniv
makes the edition and inclusion of updated
information easy, but also provides tropical
meteorology training notes for aerographers.
After all of the chapters are complete, they will
be transferred to an interactive video disk for-
mat, saving considerable storage space which is
especially important for shipboard use.

7.2 AUTOMATED TROPICAL CYCLONE
FORECASTING SYSTEM (ATCF)
UPGRADE

T.L. Tsui, A.J. Scrader, R.A. jeffries
and
C.R. Sampson
Naval Research Laboratory, Marine
Meteorology Division, Monterey, CA

The ATCF has been used operationally at
JTWC since 1988. The current system runs on
an IBM-DOS operating system. NRL,
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Monterey is adapting the ATCF to the UNIX
operating system under the program direction of
the Space Warfare and Systems Command. The
new ATCF will use industry standard X-
Window/Motif for window management and
will communicate with the Tactical
Environmental Support System (TESS) 3.0.
The first phase of the project is expected to be
completed in the summer of 1995.

7.3 PROTOTYPE AUTOMATED
TROPICAL CYCLONE
HANDBOOK (PATCH)

C.R. Sampson and R.A. Jeffries
Naval Research Laboratory
Marine Meteorology Division, Monterey, CA

PATCH is an expert system designed to pro-
vide tropical cyclone forecast and training guid-
ance for the western North Pacific Ccean to
JTWC. The scope of the project has expanded
to include expertise pertaining to tropical
cyclone formation, motion, intensification and
dissipation, and structure and structure change.
The expert system is an integral part of the
ATCF upgrade. Initially PATCH wili oe in a
basic stand-alone mode. Ultimately, i will be
interactive with the ATCE

7.4 TCM-93 MINI-FIELD EXPERIMENT

P. A. Harr and R. L. Elsberry
Naval Postgraduate School, Monterey, CA

The Naval Postgraduate School (MPS) and
the Office of Naval Research (ONR) Marine
Meteorology Program co-sponsored a mini-field
experiment near Guam during July-August
1993. The Experiment Operations Center was
collocaied with JTWC, which provided space,
shared its meteorological data bases and facili-




tated the TCM-93 operations. JTWC TDOs par-
ticipated in routine metevrological discussions.
The objectives and organization of the
experiment were almost the same as a similar
experiment during 1992, as described in the
TCM-92 Operations Plan (Elsberry et al., 1992,
NPS Technical Report). Each objective involves
understar.ding of the role of long-lived tropical
Mesoscale Convective Systemns (MCS) on the
motion and formation of tropical cyclones.
During the period, 21 July 1993 to 12
August 1993, USAF Reserve WC-130 aircraft
and crews of the 815th Tactical Airlift
Squadron, Kessler Air Force Base, Mississippi,
deployed to the western North Pacific.
Operating from Guam, crews flew seven mis-
sions of 7-11 hours duration into tropical
cyclones and nearby MCSs to collect flight-
level and dropwindsonde observations in sup-
port of the TCM-93 mini-field experiment as
summarized in the NPS Technical Report (Harr
et al.,, 1993). Some special observations were
collected with the new Andersen Air Force Base
WGSR-83D Doppler radar. Three of the seven
WC-130 missions were MCS-tropical cyclone
interaction cases, and four were MCS structure,
merger, or tropical cyclone genesis cases.
Analyses of tnese data sets are in progress.

7.5 TROPICAL SYNOPTIC ANALYSIS
MODERNIZATION AND IMPROVEMENT
PROQJECT

L. E. Carr III, R. A. Jeffries
and
R. L. Elsberry
Naval Postgraduate School, Monterey, CA

An effort to improve the quality of tropical
synoptic analyses and the process by which they
are produced has been initiated. A pilot real-
time analysis effort associated with this project
was conducted in July/August 1993 in support
of the ONR- and NPS-sponsored mini-field
experiment TCM-93. The ultimate goal of this

project is to equip the tropical analyst to pro-
duce highly efficient and inceractive
(man/machine) analyses of the tropical atmos-
phere. The two essential components to be
developed as a part of this project are:

- a comprehensive knowledge base of tropi-
cal synoptic conceptual models based heavily
on satellite imagery interpretation to facilitate
interpretation of available conventional data;
and

- sophisticated workstation-based imagery
and data manipulation tools tailored to the spe-
cific needs of the tropical analyst.

Although manual analyses of tropical circu-
lations permit subjective incorporation of satel-
lite imagery cloud patterns, present objective
analysis techniques can utilize only satellite
cloud-drift winds and soundings. If an objective
analysis lacks structure clearly discem:ble from
cloud patterns, a human analyst must presently
redraw all the objectively produced contours or
streamlines. The key premise of this analysis
modemization and improvement program is that
the most efficient way to let the human mind
contribute to the meteorological analysis
process is by contributing to the quality control
of the conventional data and, most importantly,
by generating auditional “synthetic” data via
satellite imagery interpretation. Subsequent
objective analyses of the modified conventional
data augmented with the synthetic data must
then necessarily, but implicitly, incorporate the
input of the human analyst, without requiring
time-intensive drawing of every analysis line. If
desired, the analyst may further refine the
analysis by adjusting some of the objeciively
produced analysis lines.

The synoptic analyses supporting TCM-93
are documented in some detail in the Appendix
to Harr et al., 1993. A number of ideas and tech-
niques related to the analysis modernization
project were introduced or tested, such as: (i)
increased temporal compositing over that used
by JTWC,; (ii) confirming and refining imagery
interpretation techniques and conceptual mod-




els; and (ii1) deriving synthetic data from the
center position of moving TUTT cells.

7.6 MONSOONAL INTERACTIONS
LEADING TO SUDDEN TROPICAL
CYCLONE TRACK CHANGES

L. E. Carr Il and R. L. Elsberry
Naval Postgraduate School, Monterey, CA

Nearly cvery year, one or more tropical
cyclones are observed to undergo a particularly
severe type of truck change accompanied by an
enhancement or surge in the monsoon south-
westerly winds in the vicinity of the tropical
cyclone. This type of track change typically
consists of a rapid slowing of westwird move-
ment to either quasi-statonary or tight cyclonic
looping motion, followed by a strong accelera-
tion on a substantially more northward heading.
The sharp northward turn routinely approaches
or exceeds 90 degrees and 1y rarely well-fore-
cast by objective guidance. Recent examples
include Typhoons Abe (1990), Caitlin (1991),
Ted (1992), and Robyn (1993).

Through the sponsorship of ONR, an ¢xten-
sive study of the monsoon surge track change
phenomenon has been initiated. The first stage
of the research has focused on revealing the
basic dynamical processes involved by integrat-
ing a barotropic model with various ideatized
initial conditions, and comparing the model
fields and vortex tracks with NOGAPS 500 hPa
analyses and JTWC official best tracks of actual
monsoon surge track change cases. The results
achieved thus far establish that to a first order,
the track change can be characterized as a bina-
ry interaction and coalescence of: (i) a large,
dispersive vortex representing a monsoon
cyclone or depression; and (i) dispersion-resis-
tant voriex representing a tropical cyclone that
15 embedded in the eistern portion of the mon-
soon cyclone. During the coalescence, the beta-
ctfect causes part of the monsoon cyclone ener-
gy to be radiated away, forming an clongated
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anticyclone approximately 1200 km to the
southeast. The enhanced monsoon surge winds
are associates with a confluent, high gradient
region that develops betwe n the monsoon
cyclone and the anticyclone 1tas the strong
monsoon surge, which produces a significant
southerly steering flow across the tropical
cyclone center, that causes the storm o track on
a more northward track after coalescence with
the monsoon cyclone occurs.

A manuscript documenting the above results
hias been submitied to Monthly Weather Review
for publication and should appear sometime in
late 1994, Research on the nature of monsoon
surge track changes 1s ongoing and will include
the role of diabatic heating, and prospects for
improving the forecastability of the phenome-
non

7.7 HYBRID FORECAST AIDS

D.B. Mundell
Joint Typhoon Warning Center, Guam

Beginning in 1991, steps were undertaken to
develop a set of hybrid forecast aids that would
reduce the chances for very large forecast errors
i ditficult forecast situations. The objective
wis o combine the historically hest-perfornming
torecast ards together into a single aid that
would have lower overall crrors than any of its
components. JTWC forecasters wanted 10 see it
a consensus approach o vopical cyclone fore-
casts would significantly impiove the quality of
Ity warnings.

In the first version of this effort | two
hybrids named BLND “blended”™ and WGTD
“weighted” were creaied based on the long-term
performance of nine standard forecast aids
downloaded from FLENUMETOCCEN. These
aids required the TDO to manually enter cach of
the component  aids into a computer to derive
the hybrid output. Subsequent analysis of these
hybrids revealed that BLND and WGTD did, in
fact, have the lowest overall errors of any of



JTWC’s forecast aids, but that 1) too much of
an emphasis was being placed on chimatological
aids relative 1o the dynamic tforecast wds: 2) the
need to manually enter data was too time-con-
suwing: 3) they lacked a suitable error-checking
routne:  and 4) a simple average of the best-
performing guidance yielded nearly the same
performance as more complicated, statistically-
based weighting functions.

Since 1992, the following modificatons
have been made to the original set of hybrid
forecast aids to recuty the deticiencies
described in the preceding paragraph:

1) Four climatological wids have been
deleted trom the BLND and two from the
WGTD hybrids, and a new hybrid based exclu-
sively on dynamic forecast aids called DAVE,
or “dynamic average” has been created.

2) The hybrid calculations have been auto-
mated as a batch file which runs on the ATCF
termunals and inserts the hybrid forecasts in the
aids file after performing an error-checking rou-
tine.

3) The hybrids have been simplified: for

the western North Pacific basin. BLND 1s the
smple average of JTWC's six primary torecast
ads - OTCM, CSUM., FBAM. J192, CLIP and
HPAC: WGTD 1s a werghted average of
FLENUMETOCCEN forecast guidance -
OTCM (29%), CSUM (22%). FBAM (14%),
JT92 (14%), HPAC (14%). CLIP (7%): and
DAVE 1y a simple average of all of the dynamic
torecast aids and extrapolated forecasts from
numerical models - NOGAPS (NGPS),
Bracknell (EGRR), Japanese Typhoon
ModeltJTYM), JT92, FBAM, OTCM and
CSUM.

4) BLND and WGTD hybrid forecast algo-
rithms have also been developed for the North
Indian Ocean and the Southern Hemisphere
buased on the historical performance of FLENU-
METOCCEN forecast aids in each of these
tropical cyclone regions.

The performance of each hybrid, and a
head-to-head comparison with cach of its com-
ponent parts and with the ofticial JTWC fore-
cast against the final best tracks for the western
North Pacific for 1993 are listed in Table 7-1.

BLND JTWC OTCM CSUM
z4hr 119nm (18 -4 -10
48hr 216nm (+3) -28 -20
12hr 308nm -19 -52 -36

WGTD JTWC OTCM CSUM
24hr 116nm (+5) -1 -13
48hr 215nm (+2) -28 -21
12hr 308rm -19 -52 -39

DAVE JTWC OTCM CSUM
246hr 110nm (+2) ~23 -19
48hr 195nm -19 -47 -4
1zhr 298nm ~26 -€l ~47

Table 7-1 CCMPARISON OF BLND, WGTD, AND DAVE GUIDENCE WITYH THEIR COMPONENT PARTS
AND WITH THE OFFICIAL STWC FORECAST FOR THE WESTERN NORTH PACIFIC FOK
1993. Negative values 1ndicate that the hybrid performed better than
1ndicated component forecast aid.

FBAM Jr92 CLIP HPAC
=20 -9 -117
-14 -8 -30 -38
-40 -29 ~-56 -56
FBAM JT92 CLIP HERZ
-5 -3 -12 -9
-14 -9 -3% -39
-40 -29 -5% ~H6
FBAM JT92 NGPS EGHR Jiv
=12 -9 -54 -40 -1
-34 -29 -70 -39 -6

-51 ~43 -29 -i6 na
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APPENDIX A
DEFINITIONS

BEST TRACK - A subjectively smoothed path,
versus a precise and very erratic fix-to-fix path,
used to represent tropical cyclone movement,
and based on an assessment of all available
data.

CENTER - The vertical axis or core of a tropi-
cal cyclone. Usually determined by cloud vor-
ticity patterns, wind and/or pressure distribu-
ton.

EPHEMERIS - Position of a body (satellite) in
space as a function of time; used for gridding
satellite imagery. Since ephemeris gridding 1s
based solely on the predicted position of the
satellite, it is susceptible to errors from vehicle
wobble, orbital eccentricity, the oblateness of
the Earth, and vanation in vehicle speed.

EXPLOSIVE DEEPENING - A decrease in
the minimum sea-level pressure of a tropical
cyclone of 2.5 mb/hr for at least 12 hours or §
mb/hr for at least six hours (Dunnavan, 1981).

EXTRATROPICAL - A term used in warnings
and tropical summaries to indicate that a
cyclone has lost its “tropical” characteristics.
The term implies both poleward displacement
from the tropics and the conversion of the
cyclone’s primary energy source from the
release of latent heat of condensation to baro-
clinic processes. It is important to note that
cyclones can become extratropical and still
maintain winds of typhoon or storm force.

EYE - The central area of a tropical cyclone
when it is more than half surrounded by wall
cloud.

FUJIWHARA EFFECT - A binary interaction
where tropical cyclones within about 750 nm
(1390 km) of each other begin to rotate about a
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common midpoint (Brand, 1970; Dong and
Neumann, 1983).

INTENSITY - The maximum sustained 1-
minute mean surface wind speed, typically
within one degree of the center of a tropical
cyclone.

MAXIMUM SUSTAINED WIND - The high-
est surface wind speed averaged over a 1-
minute period of time. (Peak gusts over water
average 20 to 25 percent higher than sustained
winds.)

MONSOON DFPRESSION - A tropical
cyclonic vortex characterized by: 1) 1ts large
size, the outer-most closed isobar may have a
diameter on the order of 6(X) nm (1000 km); 2)
a loosely organized cluster of deep convective
elements; 3) a low-level wind distribution
which features a 100-nm (200-km) diameter
light-wind core which may be partially sur-
rounded by a band of gales; and, 4) a lack of a
distinct cloud system center. Note: most mon-
soon depressions which form in the western
North Pacific eventually acquire persistent cen-
tral convection and accelerated core winds
marking its transition into a conventional tropi-
cal cyclone.

MONSOON GYRE - A mode of the summer
monsoon circulation of the western North
Pacific characterized by: 1) a very large nearly
circular low-level cyclonic vortex that has an
outer-most closed isobar with diameter on the
order of 1200 nm (25(X) km); 2) a cloud band
nnmming the southern through eastern periphery
of the vortex/surface low; 3) a relatively long
(two week) life span - initially, a subsident
regime exists in its core and western and north-
western quadrants with light winds and scat-
tered low cumulus clouds; iater, the area within




the outer closed isobar may fill with deep con-
vective cloud and become a monsoon depres-
sion or tropical cyclone; and, 4) the large vortex
cannot be the result of the expanding wind field
of a preexisting monsoon depression or tropical
cyclone. Note: a series of small or very small
tropical cyclones may emerge from the "head”
or leading edge of the peripheral cloud band of
a monsoon gyre (Lander, 1993).

RAPID DEEPENING - A decrease in the min-
imum sea-level pressure of a tropical cyclone of
1.75 mb/hr or 42 mb for 24-hours (Holliday
and Thompson, 1979).

RECURVATURE - The turning of a tropical
cyclone from an initial path toward the west and
poleward to east and poleward, after moving
poleward of the mid-tropospheric subtropical
ridge axis.

SIGNIFICANT TROPICAL CYCLONE -
A tropical cyclone becomes “significant” with
the issuance of the first numbered warning by
the responsible warning agency.

SIZE - The areal extent of a tropical cyclone,
usually measured radially outward from the
center to the outer-most closed isobar. Based on
an average radius of the outer-most closed iso-
bar, size categories in degrees of latitude follow:
1°to 2° = very small, 3° = small, 4° to 5° =
medium (average), 6° to 9° = large, and 10° or
greater = very large (Brand, 1972 and a modifi-
cation of Merrill, 1982).

STRENGTH - The average wind spe~d of the
surrounding low-level wind flow, usually mea-
sured within one 1o three degrees of the center
of a tropical cyclone (Weatherford and Gray,
1985).

SUBTROPICAL CYCLONE - A low pres-
sure system that forms over the ocean in the
subtropics and has some characteristics of a
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tropical circulation, but not a central dense
overcast.  Although of upper cold low or low-
level baroclinic origins, the system cuan transi-
tion to a tropical cyclone.

SUPER TYPHOON - A typhoon with maxi-
mum sustained 1-minute mean surtace winds of
130 kt (67 m/sec) or greater.

TROPICAL CYCLONE - A non-frontal,
migratory low-pressure system, usually of syn-
optic scale, originating over tropical or subtropi-
cal waters and having a definite organized cir-
culation.

TROPICAL DEPRESSION - A tropical
cyclone with maximum sustained 1-minute
mean surface winds of 33 kt (17 m/sec) or less.

TROPICAL DISTURBANCE - A discrete
system of apparently organized convection,
generally 100 to 300 nm (185 to 555 km) in
diameter, originating in the tropics or subtrop-
ics, having a non-frontal, migratory charicter
and having maintained 1ts identity for 12- to 24-
hours. The system may or may not be associat-
ed with a detectable perturbation of the low-
level wind or pressure field. It 1s the basic
generic designation which, in successive stages
of development, may be classified as a tropical
depression, tropical storm, typhoon or super
typhoon.

TROPICAL STORM - A tropical cyclone
with maximum l-minute mean sustained sur-
face winds in the range of 34 to 63 kt (17 to 32
m/sec), inclusive.

TROPICAL UPPER "ROPOSPHERIC
TROUGH (TUTT) - A ominant climatologi-
cal system and a daily upper-level synoptic fea-
ture of the summer season, over the tropical
North Atlantic, North Pacific and South Pacific
Oceans (Sadler, 1979).




TYPHOON (HURRICANE) - A tropical
cyclone with maximum sustained 1-minute
mean surface winds of 64 to 129 kt (33 to 66
m/sec). West of 180° E longitude they are
called typhoons and east of 180° E longitude
hurricanes.

WALL CLOUD - An organized band of deep
cumuliform clouds that immediately surrounds
the central area of a tropical cyclone. The wall
cloud may entirely enclose or partially surround
the center.

WESTERLY WIND BURST - A short-dura-
tion low-level westerly wind event along and
near the equator in the western Pacific Ocean
(and sometimes in the Indian Ocean) (Luther et
al. 1983). Typically, a westerly wind burst
(WWB) lasts a few days and has westerly winds
of at least 10 kt (5 m/sec) (Keen 1988). Most
WWBs occur during the monsoon transition
months of April-May, and November-
December. They show some relationship to the
ENSO phenomenon (Luther et al. 1983;
Ramage 1986). Some WWBs are even more
energetic, with wind speeds of 30 kt (15 m/sec)
observed during well-developed systems.
These intense WWBs are associated with a
large cluster of deep-convective cloud along the
equator. An intense WWRB 1s a necessary pre-
cursor to the formation of tropical cyclone twins
symmeitrical with respect to the equator (Keen
1982; Lander 1990).

234




APPENDIX B

NAMES FOR TROPICAL CYCLONES IN THE
WESTERN NORTH PACIFIC OCEAN AND SOUTH CHINA SEA

Column 1 Columin 2 Column 3 Column 4
ANGELA AN-gel-sh  ABE ABE AMY A-mee AXEL AX-ell

BRIAN BRY-an BECKY BECK-ee BRENDAN BREN-dan BOBBIE BOB-ce
COLLEENCOL-leen  CECIL CEE-cil CAITLIN  KATE-lin  CHUCK CHUCK

DAN DAN DOT DOT DOUG DUG DEANNA dee-AN-na
ELSIE ELL-sce ED ED ELLIE ElL-ec ELI EE-lye
FORREST FOR-rest FLO FLO FRED FRED FAYE FAY
JAY GAY GENE GEEN GLADYS GLAD-iss  GARY  GAR-ee
HUNT HUNT HATTIE HAT-ce HARRY HAR-ce HELEN HELl.-en
IRMA IR-ma IRA EYE-ra IVY EYE-vee IRVING ER-ving
JACK JACK JEANA  JEAN-uah JOEL JOLE JANIS JAN-Iss
KORYN  ko-RIN KYLE KYE-ell KINNA KIN-na KENT  KENT
LEWIS LOU-iss LOLA LOW-lah LUKE LUKE LOIS LOW-is,
MARIAN MAH-rian  MANNY* MAN-ee MELISSA* meh-LISS-ah MARK ~ MARK
NATHAN NAY-than NELiL NELL. NAT NAT NINA NEE-nak
OFELIA  oh-FEEL-ya OWEN  OH-en ORCHID  OR-kid OSCAR* OS-car
PERCY PURR-s¢¢e PAGE PAGE PAT PAT POLLY PA-lee
ROBYN ROB-in RUSS RUSS RUTH RUTH RYAN RYE-an
STEVE  STEEV SHARON SHAR-on SETH SETH SIBYL  SIB-ill
TASHA  TA-sha TIM TIM TERESA* tch-REE-sah TED TED
VERNON VER-non  VANESSA vah-NES-ah VERNE VERN VAL VAL
WINONA  wi-NO-nah WALT WALT WILDA WILL-dah  WARD  WARD
YANCY  YAN-sce YUNYA  YUNE-yah YURI YOUR-ce  YVETTE ce-VET
ZOLA Z0-lah ZEKE ZEEK ZELDA ZELL-dah  ZACK  ZACK

* Name changes: MANNY replaced MIKE in 1991; MELISSA replaced MIREILLE, TERESA
replaced THELMA in 1992, and OSCAR replaced OMAR in 1993,

NOTE 1. Names are assigned in rotation and alphabetically. When the last name in Column 4 (ZACK)
has been used, the sequence will begin again with the first name in Column 1 (ANGELA).

NOTE 2: Pronunciation guide for names are italicized.

SOURCE: CINCPACINST 3140.1V




A-track
AB
ABW

ABIO

ABPW

ACCS

ACFT

ADP

AFB

AFGWC

AFTN

AIREP

AJTWC

AMOS

AOR

Along-track

Air Base

Air Basc Wing
Significant Tropical
Wecather Advisory for
the Indian Occan
Significant Tropical
Weather Advisory for
the Western Pacific

Occan

Air Control Ceater
Squadron

Aircraft

Automated Data
Processing

Air Force Base

Air Force Global
Wecather Central

Airficld Fixed
Telecommunications
Nciwork

Aircraft (Weather)
Report

Alternate Joint Typhoon
Waming Center

Automatic
Metcorological
Obscrving Suation

Arca of Responsibility

Automatic Picture
Transmission

Automated Remote
Collection (system)

APPENDIX C

CONTRACTIONS

ARGOS (Intcrmational Scrvice
for Drifung Buoys)

ATCF Automated Tropical
Cyclone Forecast
(System)

AUTODIN  Automated Digital
Network

AWDS Automated Weather
Distribution System

AWN Automated Weather
Nciwork

BLND Blended (Hybrid Aid)

CCWF Combincd Conlidence
Weighted Forccast

CDO Cemtral Densce Overcast

CeC Circular Exhaust Cloud

Cl Currcnt Intensity

Clv Civilian

CLD Cloud

CLIM Chmatology

CLIPor Climatology and

CLIPER Persistence Technique

cM Centimeter(-)

C-MAN Coastal-Marine

COMNAVMETOCCOM Commander
Naval Mcicorology and
Occanography Comm-

COARE

Automatcd Network

and

Coupled Occan-
Atmosphere Response
Experiment
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CPA

CFHC

CsC

CSUM

DAVE

DDN

DEG

DET

DFS

DMSP

DOD

DSN

DTG

EGGR

FBAM

Fl

Closcest Point of
Approach

Central Pacific
Hurricanc Center

Cloud System Center

Colorado State
University Model

Namc of a Hybrid Aid
Defense Data Network
Degree(s)
Detachment

Digital Facsimile
System

Defense Metcorological
Satcllitc Program

Department of Defense

Dcfense Switched
Newwork

Datc Time Group
Bracknc!l Modcl

FNOC Beta and
Advection Model

Forccast Intensity
(Dvorak)

FLENUMETOCCEN Fleet Numerical

GMS

GMT

Meicorology and
Occanography Center

Foot/Feet

Gceostationary
Metcorological Satcllite

Greenwich Mean Time




GOES

GTS

HPAC

JTW(C92
or JT92

LONG

LuT

Geostationary
Operational

Environmental Satellite

Global Telecommun-
ications System

Hectopascal

Mean of XTRP and
CLIM Techniques (Half
Persistence and
Climatology)

High Frequency
Hour(s)

High Resolution
Picture Transmission

Intemational Civil
Aviation Organization

Initial
Iastruction
Infrared

Joint Typhoon Waming
Center

Statistical-Dynamical
Objective Technique

Japanese Typhoon
Model

Kilometer(s)
Knot(s)

Local Area Network
Latitude

Low-Level Circulation
Center

Longitude

Local User Terminal

LVL

MAX
MB

MBAM

MCAS

MCS

MET

MIDDAS

MIN
MINI-MET

MISTIC

MOVG

MSLP

NARDAC

NAS

NASA

NCTAMS

NEDN

NEDS

Level
Meter(s)
Maximum
Millibar(s)

Medium Beta and
Advection Model

Marine Corps
Air Station

Mesoscale Convective
System

Meteorological
Meteorological
Imagery, Daua Display,
and Analysis System
Minimum
Mini-Meteorological

Mission Sensor Tactical
Imaging Computer

Millimeter(s)
Moving

Minimum Sca-level
Pressure

Naval Regional Data
Automation Center

Naval Air Station

National Aeronautics
and Space
Administration

Naval Computers and
Telecommunications
Arca Master Station

Naval Environmental
Data Network
Naval Environmental
Display Station
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NESDIS National Environmental
Satellitc, Data, and
information Service
NESN Naval Environmcntal
Satellite Network
NEXRAD  Next Generation
(Doppler Weather)
Radar

NHC National Hurricane
Center

NM Nautical Mile(s)

NMC National Meteorological
Center

NOAA National Oceanic and
Atmospheric
Administration
NODDES  Naval Environmental
Data Network
Occanographic Data
Distribution and
Expansion System
NODDS Navy/NOAA
Ocearographic Data
Distribution System

NOGAPS
or NGPS

Navy Operationai
Global Atmospheric
Prediction System

NAVPACMETOCCEN Naval Pacific
Metcorology and
Oceanography Center
(Hawaii)

NAVPACMETOCCEN WEST Naval
Pacific
Meteorology and
Oceanography Center
(Guam)

NPS Naval Postgraduate

School

NR Number
Naval Research
Laboratory




NRPS or
NORAPS

NSDS

NSDS-G

NTCC

NWP

NWS

OBS

OLS

ONR

0SS

OTCM

PACAF

PACMEDS

PACOM
PCN
PDN
PIREP
RADOB
RECON

RECR
ROCI

Navy Operational
Regional Atmospheric
Predicuon System

Naval Satclluc Display
System

Naval Satellite Display
System - Geostationary

Naval
Telecommuni ations
Center

Northwesi Pacific

National Weather
Scrvice

Obscrvations

Onpcrationat Linescan
System

Office of Naval
Rescarch

Opcrations Support
Squadron

Onc-Way (Interactive)
Tropical Cycione Model

Pacific Air Force

Pacific Mcteorological
Data System

Pacitic Command
Position Code Number
Public Data Network
Pilot Wcather Report(s)
Radar Obscrvauon
Reconnaissance
Recurve (Forecast Aid)

Radius of outer-most
closed isobar

RRDB

RRT

RSDB

RVP

SAT

SEC

SDHS

SKC

SGDB

SLP

Reterence Roster Data
Basc

Kapid Response Team
Raw Satellic Data Base
Radial Vciocity Froduct
Satellite

Second

Satelie Daia Handling
System

Surface

Satchtite Global Data
Basc

Sca-Level Pressure

SPAWRSYSCOM Space and

SSM/

ST

STNRY
ST

STR
STRT
STY
TAPT

TC

TCFA

TCM-93

Naval Warfarc
Systems Command

Speaial Sensor
Microwave/Imager

Sca Surface
Temperature

Stationary

Subtropical
Subtropical Ridge
Straight (Forecast Aid)
Super Typhoon

Typhoon Acceleration
Prediction Technigue

Tropical Cyclone

Tropical Cyclone
Farmation Alert
Tropical Cyclone
Motion Mini-Field
Experiment - 1993
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D

T‘DI\

TDO

TESS

TIROS-N

TOGA

TOVS

TS

TUTT

TY

TYAN

TYMNET

ULCC

us

USAF

USCINCPAC

USN

VIS

WESTPAC

WGTD

Tropncal Depression
Typhoon Duty Assistant
Typhoon Duty Otficer

Tactical Environmental
Support Sysiem
Television Infrarcd
Obscervational Satcllite-
Next Generation

Tropical Occan Global
Atmosphere

TIROS Operational
Verucal Sounder

Tropical Storm

Tropical Upper-
Tropospheric Trough

Typhoon

Typhoon Analog
(Forecast Aid)
Time-Sharing Network:
Commercial wide arca
network connecling
micro- and main-frame
compulers

Upper-Level Circulation
Center

United States

United Swates Air Force
Commander-in-Chiet
Pacific (AF - Air For
FLT - Fleer)

United States Navy
Visual

Western (North) Pacific

Weighted (Hybrid Aid)

K




WMO

WRN or
WRNG

WSD

X-track

XTRP

World Mcicorological
Organization
Waming(s)

Wind Speed and
Dircction

Cross-track
Extrapolation
Zulu time
(Greenwich Mcan

Time/Universal
Coordinatcd Time)
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1959
1860
1561
1962
1963
1964
1965
1966
1967
1968
1969
1970

APPENDIX D

PAST ANNUAL TROPICAL CYCLONE REPORTS

Copies of thie past Annual Tropical Cyclone Reports for DOD agencies or contractors
can be obtained through:

Defense Technical Information Center
ATTN:FDAC
Cameron Station
Alexandria, VA 22304-6145

Phone: (703)-274-7633
Fax: (703)-274-9307

Copies for non-DOD agencies or users can be obtained from:
National Technical Information Service
5285 Port Royal Road
Springfield, VA 22161

Phone: (703)-487-4650C
Fax: (703)-321-8547

Refer to the following numbers when ordering:

Acquisition Acquisition Acquisition
Number Year Number Year Number

AD 786147 1971  AD 768333 1983 AD A137836
AD 786148 1972 AD 768334 1984 AD A153395
AD 786149 1973 AD 777093 1985 AD A168284
AD 786128 1974 AD 010271 1986 AD A184082
AD 786208 1975 AD A023601 1987 AD A191883
AD 786209 1976 AD A038484 1988 AD A207206
AD 786210 1977 AD A055512 1989 AD A232469
AD 785891 1978 AD AN70904 1990 AD A239910
AD 785344 1979 AD A082071 1991 AD A251952
AD 785251 1980 AD A094668 1992 AD A274464
AD 785178 1981 AD A112002

AD 785252 1982 AD Ai24860
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DISTRIBUTION LIST
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ACCU-WEATHER, INC.

AEROMET, INC.

ANALYSIS & PROCESSING CENTER, INDONESIA
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ASIAN DISASTER PREPAREDNESS CENTER,
BANGKOK, THAILAND

ATMOSPHERIC DIV LIBRARY, NEW ZEALAND

BARRETT CONSULTING GROUP

BRUNEI SHELL PETROLEUM CO

CATHOLIC UNIVERSITY OF AMERICA

CAF WEATHER CENTRAL, TAIWAN

CENTRAL MET OBSERVATORY, BEUING
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CHULALONGKORN UNIVERSITY, BANGKOK

CHUNG CHENG INSTITUTE, TAIWAN

CITY POLYTECHNIC OF HONG KONG

CIUDAD UNIVERSITARIA, MEXICO

CIVIL DEFENSE, CHUUK

CIVIL DEFENSE, MAJURO

CIVIL DEFENSE, PALAU
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MITIGATION, TOKY(O)

JAPAN AIR LINES

JCS ENV SERVICES DIV, PENTAGON

JET PROPULSION LAB, PASADENA

KOREAN METEOROLOGICAL ADMIN FORECAST
BUREAU

LEND FOUNDATION

LISD CAMP SPRINGS CENTER, MD

LOS ANGELES PUBLIC LLIBRARY

MARATHON OIL CO. TX

MAURITIUS METEOROLOGICAL SERVICE

MASS INST OF TECH

MCAS FUTENMA

MCAS IWAKUNI

MCAS KANEOHE BAY, HI

MERCANTILE AND GENERAL REINSURANCE:,
AUSTRALIA

METEOROLOGICAL DEPARTMENT, PAKISTAN

METEOROLOGICAL OFHCE, BRACKNELL.

METEOROLOGICAL SERVICE, MADAGASCAR

METEOROLOGICAL SERVICE, MAURITIUS

METEOROLOGICAL SERVICE, REUNION

MIL ASST ENV SCHR & AT /1 &LS)

MOBIL OIL GUAM, INC

NASA

NATIONAL CLIMATIC DATA CENTER LIBRARY,
ASHEVILLENC

NATIONAL METEOROLOGICAL CENTER

NATIONAL METEOROLOGICAL LIBRARY,




BRACKNELL, UK
NATIONAL TAIWAN UNIVERSITY

NATIONAL TECHNICAL INFORMATION SERVICE

NATIONAL WEATHER SERVICE, CHUUK

NATIONAL WEATHER SERVICE, MAJURO

NATIONAL WEATHER SERVICE, PALAL

NATIONAL WEATHER SERVICE. PAPUA NEW
GUINEA

NATIONAL WEATHER SERVICE, POHNPLI

NATIONAL WEATHER SERVICE, SAIPAN

NATIONAL WEATHER SERVICE, YAP

NAVAL CIVIL ENG LAB PORT HUENENE, CA

NAVAL POSTGRADUATE SCHOOL LIBRARY

NAVAL RESEARCH LAB

NAVEURMETOCCEN, ROTA

NAVHISTCEN

NAVICECEN. SUITLAND

NAYLANTMETOCCEN, NORFOLK

NAVEANTMETOCDET, ASHEVILLE

NAVLANTMETOCFAC JACKSONVILLE

NAVOCEANG

NAVFACMETOCDET, AGANA

NAVPACMETOCDET, ATSUGH

NAVPACMETOCDET. BAHRAIN

NAVPACMETOCDET, KADENA

NAVPACMETOCDET, SASEBO

NAVPACMETOCEAC, SAN DIEGO

NAVPACMETOCFAC, YOKOSUKA

NEW ZEALAND ATMOSPHERIC DIV LIBRARY

NEW ZEALAND INSURANCE

NOAAJACQUISITION SECTION, ROCKVILLE. MD

NOAA/AOML, HRD, MIAML, FL

NOAAATMOS TURB AND DIFFUSION DIV, OAK
RIDGE, TN

NOAA/HYDROMETEOROLOGY BR, SILVER
SPRINGS.MD

NOAA/NESDIS, HONOLULU, HI

NOAA/PMEL, SEATTLE, WA

NOAA ENVIRONMENTAL RESEARCH LAB

NOAA LIBRARY, SEATTLE, WA

NOBEL DENTON

NRL ATMOSPHERIC DIRECTORATE

OCEANROUTES. INC. JOLIMENT, WEST
AUSTRALIA

OCEANROUTES, INC, SINGAPORE

OCEANROUTES. INC, SUNNYVALE, CA

OCEANWEATHER, INC

OFFICE OF FEDERAL COORDINATOR MET

OFFICE OF NAVAL KESEARCH

OFFICE OF THE NAVAL DEPUTY, NOAA

ONR

PACIFIC STARS & STRIPES

PACNAVFACENGCOM

PAGASA FORECAST SECTION

PAGASA LIBRARY

PENNSYLVANIA STATE UNIVERSITY

QUEENS COLLEGE. DEPT OF GEOLOGY

REUNION METEOROLOGICAL SERVICE

RUCH WEATHER SERVICE, INC

SAINT LOLiS UNIVERSITY

SAT APPL LAB, NOAA/NESDIS, WASHINGTON, DC

SHANGHAI TYPHOON INSTITUTE X
SOUTHSIDE WEATHER SERVICE AUSTRALIA

SRI LANKA METEOROLOGICAL SOCIETY

SRI LIBRARY

TAO PROJECT OFFICE ¢
TEXAS A & M UNIVERSITY

UNIV OF COLORADO, ATMOS SCIENCE

UNIVERSITY OF CHICAGO

UNIVERSITY OF GUAM, BIOLOGY DEPT

UNIVERSITY OF HAWAI LIBRARY

UNIVERSITY OF WASHINGTON

USAFETAC/DN

USCINCPAC

USCINCPAC REP GUAM

USNA (OCEANOGRAPHY DEPT/LIBRARY)

USS AMER'CA (CV 66)

USS BELLEAU WOOD (LHA 3)

USS BLUE RIDGE (LCC 19)

USS CARL VINSON (CVN 70) -
USS CONSTELLATION (CV 64) —
USS EISENHOWER (CVN 69) :
USS INDEPENDENCE (CV 62)
USS J.F. KENNEDY (CV 67)
USS KITTY HAWK (CV 63)
USS LINCOLN (CVN 72)

USS NEW ORLEANS (LPH 11)
USS NIMITZ (CVN 68)

USS PELELIU (LHA 5)

USS SARATOGA (CV 60)

USS TARAWA (LHA 1)

USS TRIPOLI (LPH 10)

USS T. ROOSEVELT (CVN 71)
LSS WASP (LHD 1)
VANUATU METEOROLOGICAL SERVICE .
WORLD DATA CENTER B1, MOSCOW .
AFGWC/WEM

SWS WS/CC YONGSAN AIN KOREA

80SS/OSW KUNSAN AB. KOREA

15WS HICKAM AFB, HI

18 OSS/OSW KADENA AB.JAPAN .
060 OSS/OSW TRAVIS AFB. CA

334 TTS/TTMV KEESLER AFB. MS

174 OSS/OSW YOKOTA AB. JAPAN

175 OG/WXE SCOTT AFB, IL |
432 0SS/IOSW MISAWA AB, JAPAN .
(03 ACCENS/WE OSAN AB. KOREA

633 OSS/OSW ANDERSEN AFB. GU




652 ABG/DOW MCCLELLAN AFB, CA
815 WS (AFRES), KEESLER AFB, MS

2 COPJES

AFGWC/WFMP

AWS TECH LIBRARY

BUREAU OF METEOROLOGY, BRISBANE

BUREAU OF METEOROLOGY, DARWIN

BUREAU OF METEOROLOGY LIBRARIAN,
MELBOURNE

BUREAU OF METEOROLOGY, PERTH

BUREAU OF PLANNING, GUAM

CIVIL DEFENSE, GUAM

DEFENSE TECHNICAL INFORMATION CENTER

DEPARTMENT OF COMMERCE

ECMWF, BERKSHIRE, UK

ESCAP LIBRARY, BANGKOK

FLENUMETOCCEN MONTEREY

FLORIDA STATE UNIVERSITY

INSTITUTE OF PHYSICS, TAIWAN

MARINERS WEATHER LOG

MET RESEARCH INST LIBRARY, TOKYO

MICRONESIAN RESEARCH CENTER UGG, GUAM

NATIONAL CLIMATIC DATA CENTER

NATIONAL DATA BUOY CENTEK

NATIONAL HURRICANE CENTER, MIAMI

NATIONAL WEATHER SERVICE, HONOLULU

NAVPACMETOCCEN

NAVPACMETOCDET DIEGO GARCIA

NAVPACMETOCDET MISAWA

NOAA GUAM

NORA 1570 DALLAS, TX

OKINAWA METEOROLOGY OBSERVATORY

SAT APPL LAB, NOAA/NESDIS, CAMP SPRINGS,
MD

TYPHOON COMMITTEE SECRATARIAT, MANILA
UNIVERSITY OF PHILIPPINES

US ARMY, FORT SHAFTER

WORLD DATA CENTER A, NOAA

73 WEATHER GROUP, ROK AF

3.COPIES

BUREAU OF METEOROLOGY, DIRECTOR,
MELBOURNE, AUSTRALIA

CENTRAL WEATHER BUREAU, TAIWAN

INDIA METEOROLOGICAL DEPT

INOSHAC, DDGM (WF)

JAPAN METEOROLOGICAL AGENCY

KOREAN METEOROLOGY ADMINISTRATION
PLANNING BUREAU

NAVPGSCOL DEPT OF METEOROLOGY

NOAA CORAL GABLES LIBRARY

PACAT/DOW

UNIVERSITY OF HAWAII, METEOROLOGY DEPT

WEATHER CENTRAL, CAF

4.COPIES
COLORADO STATE UNIVERSITY
METEOROLOGY DEPT, BANGKOK

2 COPIES
R & D UNIT, NHC, MIAMI
ROYAL OBSERVATORY HONG KONG

£ COPIES
NRL WEST
NATIONAL WEATHER ASSOCIATION




UNCLASSIFIED
TECURITY CLASSIFICATION OF THIS PAGE

REPORT DOCUMENTATION PAGE

Form Approved
OMB No.(0704-0188

Ta REPORT SECURITY CLASSIFICATION
UNCLASSIFIED

1b. RESTRICTIVE MARKINGS

2a. SECURITY CLASIFICATION AUTHORITY

3. DISTRIBUTION/AVAILABILITY OF REPORT
AS IT APPEARS IN THE REPORT/

2b. DECLASSIFICATION/ DOWNGRADING SCHEDULE

DISTRIBUTION UNLIMITED

4. PERFORMING ORGANIZATION REPORT NUMBER(S)

5. MONITCRING ORGANIZATION REPORT NUMBER(S)

6. NAME OF PERFORMING ORGANIZATION
NAVPACMETOCCENWEST /JTWC

6b. OFFICE SYMBOL
(If applicabie)

7a. NAME OF MONITORING ORGANIZATION
NAVPACMETOCCEN/JTWC

6¢. ADDRESS (City, State, and 2P Code)

COMNAVMAR, PSC 489, BOX 12
FPO AP 96536-0051

7b. ADDRESS (City, State, and 2IP Code)

COMNAVMAR, PSC 489, BOX 12
FPO AP 96536-0051

8b QFFICE SYMBOL
(if applicable)

8a. NAM®. OF FUNDING /SPONSORING
CRGANIZATION

NAVPACMETOCCENUEST /JTWC

9 PROCUREMENT iNSTRUMENT IDENT!FICATION NUMBER

8r. ADDRESS (City, State, and ZIP Code) -
COMNAVMAR, PSC 489, BOX 12
FPO AP 96536-0051

10 SOURCE OF FUNDING NUMBERS

WORK UNIT
ACCESSION NO

PROGRAM PROJECT
ELEMENT NO NO

TASK
NO

11. TITLE (include Security Classification)
1993 ANNUAL TROPICAL CYCLONE REPORT

12. PERSONAL AUTHOR(S)

13a. TYPE OF REPORT
ANNUAL

130 TIME COVERED
frROM _JAN 93 1o DEC 93

15 PAGE COUNT
243 plus i thru vi

14 DATE OF REPORT (Year, Month, Day)
1993

16. SUPPLEMENTARY NOTATION

17. COSATI CODES

FIELD GROUP SUB-GROUP

04 02

18. SUBJECT TERMS (Continue on reverse if necessary and :dentify by block number)
TROPICAL CYCLONES
TROPICAL DEPRESSIONS
TROPICAL CYCLONE RESEARCH

TROPICAL STORMS
TYPHOONS/SUPER TYPHOONS
METEOROLOGICAL SATELLITES

ARE SUBMITTED.

19. ARSTRACT (Continue on reverse if necessary and identify by block number)

ANNUAL PUBLICATION SUMMARIZING TROPICAL CYCLONE ACTIVITY IN THE WESTERN NORTH PACIFIC,
BAY OF BENGAL, ARABIAN SFA, WESTERN SOUTH PACIFIC AND SOUTH INDIAN OCEANS.
TRACK IS PROVIDED FOR FACH SIGNIFICANT TRUPICAL CYCLONE.
FOR ALL TROPICAL CYCLONES IN THE WESTERN NORTH PACIFIC AND NORTH INDIAN OCEANS.
F1X DATA USED TO CONSTRUCT THE BEST TRACKS ARE PROVIDED UPON REQUEST ON DISKETTES.

FORECAST VERIFICATION DATA AND STATISTICS FOR THE JOINT TYPHOON WARNING CENTER (JTWC)

A BEST
A BRIEF NARRATAIVE IS GIVEN
ALL

20. OISTRIBUTION / AVAILABILITY OF ABSTRACT

fRUNCLASSIFIZD/AUNUMITED ] SAME AS RPT {7 oTic USERS

27, ABSTRACT SECURITY CLASSIFICATION
UNCLASSTFIED

22a. NAME OF RESPONSIBLE INDIVIDUAL
FRANK H. WELLS

2b TELEPHONE (Include Area Code) | 22¢ OFFICE SYMBOL
$o 15-E5A N8 00 Ao <0 5 mie

DOForm 1473, JUN 86

Previgus editions are obsolete.

SECURITY CLASSIFICATION QOF THIS PAGE

UNCLASSIFIED




UNCLASSIFIED

SECURITY CLASSIFICATION OF THIS PAGE

BLOCK 18 (CONTINUED)

RADAR

AUTOMATIC METEOROLOGLCAL OBSERVING STATIONS
SYNOPTIC DATA

TROPICAL CYCLONE INTENSITY
TROPICAL CYCLONE BEST TRACK DATA
TROPICAL CYCLONE PORECASTING
TROPICAL CYCLONE RECONNAISSANCE
TROPICAL CYCLONE STEERING MODELS
ORJECTIVE FORECASTING TECHNIQUES
TROPICAL CYCLONE FIX DATA
MICROWAVE IMAGERY

DRIFTING BUOYS

UNCLASSIF 1ED

SECURITY CLASSIFICATION OF THIS PAGE




